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Abstract 
As electric automobility moves towards mass-adoption in several countries, it is becoming 

increasingly important to understand the impact of electrification on automobility. Automobility is 

conceptualized as a socio-technical system in this thesis, which is studied from two main perspectives. 

Firstly, will electrification bring changes in automobility, either qualitatively (what it is) or 

quantitatively (the amount of automobility)? A literature review reveals that the electrification of 

automobility brings a wide spectrum of qualitative changes, with some aspects changing significantly 

more than others, which is called a hybrid pattern. In terms of quantitative changes, this thesis reveals 

that even though EV adoption can lead to reduced driving in various ways, this effect is outweighed 

by the rebound effect, which means that EV adoption leads to a net increase in car ownership and use. 

The second main question is “to what extent can the changes that are observed be attributed to 

governance?” To this end, a discourse analysis in the Dutch policy context is conducted to investigate 

‘socio-technical imaginaries’. Policymakers at the national imagine electric automobility in similar 

terms to petrol and diesel-based automobility. Furthermore, they incentivize electrification not only to 

address climate change, noise, and air pollution but also to stimulate Dutch industry and to avoid the 

need to intervene in the freedom of automobility. To study the effects of policies that are made in 

conjunction with discourse, this thesis also investigates the quantitative and qualitative effects of 

electrification policies on automobility. This shows that the real-world effects of the policies that are 

based on the observed discourses. The analysis reveals that electric vehicle stimulation policies lead to 

an increased rebound effect: these policies do not only increase the diffusion of electric vehicles but 

also lead to more driving, which is questionable from both a public health and a sustainability 

perspective. 

As an alternative to contemporary policy, policy mixes that increase electric vehicle uptake and avoid 

the rebound effect are discussed. This discussion features three perspectives, each being more critical 

of electric vehicles than the previous: a positive, a critical, and a skeptical perspective on electric 

vehicles. In these policy perspectives, the electrification of automobility is positioned as one of 

several components in the transition towards sustainable mobility. This thesis thus addresses how 

electric vehicles will change automobility and the role of policy in these changes, while also 

providing alternative perspectives on how electric vehicle policy can be used to shape a desirable 

future of (auto)mobility. 
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Executive summary 
Electric Vehicle (EV) sales have shown steady growth over the last decade, thereby making large 

steps towards mass-diffusion (Meckling & Nahm, 2019). Simultaneously, much academic research 

has been conducted, mainly addressing the why, how, when, and who questions to understand how the 

EV transition can be sped up and what the direct effects of EVs are. In contrast, little academic 

research has been conducted to study what automobility will look like, even though various 

unapparent changes could come along with the transition. This thesis addresses two main research 

questions (MRQs), each consisting of two research questions (RQs) to study how electrification 

changes automobility. First of all, it investigates the extent to which the electrification of automobility 

will bring qualitative (RQ1.1) or quantitative (RQ1.2) changes in automobility. Secondly, it 

investigates to what extent these qualitative and quantitative changes can be attributed to governance, 

at the level of discourse (RQ2.1) and policy (RQ2.2). Thirdly, based on the findings of RQ2.2, three 

different ideological perspectives on EV policy are presented to steer the transition in ‘desirable’ 

perspectives (RQ3). 

 

Changes in automobility 
To study how automobility might change during the transition, it is essential to understand what 

automobility actually is. In the literature, automobility is understood as a socio-technical regime or 

system, which are concepts that emphasize dynamic stability: steel-and-petroleum-based automobility 

has changed very gradually over the last hundred years (Urry, 2004). This thesis combines three 

conceptualizations of automobility, namely the automobility regime (Geels, 2002), the system of 

automobility (Urry, 2004), and the structure of auto space (Freund & Martin, 1993), to characterize 

automobility in detail. Automobility is further subdivided into six elements in this thesis: industry 

structures, vehicle design, infrastructure and auto space, culture, user practices, and policy. A 

literature review is conducted to understand how these elements change during the transition; as 

policy is part of the second part of this thesis, the literature review covers only the prior five elements. 

The results reveal that some of (the sub-elements of) these five remaining elements are stretched-and-

transformed relatively more than other elements, which are fitted-and-conformed to, as shown in 

Figure 1. The observation that some elements stretch more than others in transitions confirms the 

existence of hybrid patterns (Mylan, Morris, Beech, & Geels, 2019). 

In addition to bringing various qualitative changes, electrification can change the amount of 

automobility. Studying quantitative change is more straightforward, given that automobility can either 

reduce or increase. However, two bodies of literature conceptualize these changes differently, which 

makes it complicated to review. The EV behavior literature discusses how EV adoption can lead to 

reduced driving and emissions due to the limited driving range of the vehicles, adopting a different 

driving style, or increased environmental awareness. The EV behavior literature also discusses 

increases in automobility, so it considers both directions of change. However, the rebound effect 

literature focuses only on increases, by studying how EV adoption can lead to increased car 

ownership or use, possibly caused by a modal shift. The rebound effect literature considers two 

separate effects. First of all, the ‘environmental rebound effect’ is economic and is caused by the 

lower (marginal) cost of driving. Secondly, the psychological rebound effect describes behavioral 

changes that arise from psychological processes, for example, driving more or flying more after 

buying an EV, to ‘compensate’ for pro-environmental behavior. 

Ideally, both bodies of literature are reviewed systematically at the same time. However, the EV 

behavior literature is too large and uses too many different terms to capture using a systematic review. 

For this reason, it is reviewed non-systematically using a literature review. In contrast, the EV 

rebound effect literature is reviewed systematically. 
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Figure 1: the degree of change in the elements and sub-elements of automobility caused by electrification, 

where 1 is the most regime-fitting and 5 is the most regime-stretching observation; the length of the bar 

indicates uncertainty. Source: own work. 

 

The reviews reveal that several EV drivers report aborted or changed trips due to limited battery 

range, and some studies find increased energy awareness and more environmentally benign driving 

styles after EV adoption. Simultaneously, a larger number of quantitative works find that EVs lead to 

an increase in automobility, in three ways. First of all, studies find that EV adoption leads to a modal 

shift from public and, to a lesser extent, active transport to the car. Secondly, EVs lead to a vehicle 

ownership rebound, as they are acquired disproportionally as additional vehicles. Thirdly, several 

studies report that EVs increase total vehicle kilometers traveled. The results show more evidence for 

the rebound effect than for less driving. However, caution in drawing this conclusion is necessary 

given that the combination of a systematic and an unsystematic review may introduce bias. Even 

though more systematic research on EV adoption that considers increases and reductions 

simultaneously is necessary, the preliminary conclusion is that EVs lead to increased driving and car 

ownership (a rebound effect). 
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The role of governance in changes in automobility 
As several authors have observed, the EV transition is largely policy-driven (Altenburg, 2014: 6; 

Bakker, Maat, & van Wee, 2014; Dijk, Wells, & Kemp, 2016: 86; de Rubens, Noel, Kester, & 

Sovacool, 2020: 5). The transition is driven by a large number of EV stimulation policies and by 

carbon dioxide (CO2) emission targets for cars, for example in the EU and Japan. Given this large 

role of policy in the transition, it is important to understand the extent to which the changes observed 

in the first part of this thesis can be attributed to governance. This allows for the identification of 

agency in the transition and can be used to imagine alternative policy mixes to work towards a 

different future of automobility, which constitutes the final part of this thesis. 

Policies do not arise out of nowhere; they are shaped based on visions and socio-technical 

imaginaries (Jasanoff & Kim, 2009) of the future of automobility and the role of EVs in that future. 

Indeed, such visions are important because they play a crucial role in agenda-setting and policy 

selection (see Jasanoff & Kim, 2009). For this reason, at least seven studies have studied imaginaries 

and discourse concerning EVs before this research (Temmes et al., 2013; Augenstein, 2015a, 2015b; 

Bakker, Maat & van Wee, 2014; Bergman, Schwanen, & Sovacool, 2017; Bergman, 2017; Ryghaug 

& Toftaker, 2016; Ortar & Ryghaug, 2019). These studies reveal that car users are framed as rational 

agents and that governments discuss how to entice consumers to adopt EVs. Furthermore, the future is 

framed to still be dominated by privately owned automobiles, which reveals a reliance on 

‘ecomodernist’ and ‘green growth’ perspectives among the actors studied by these authors. 

Building on these studies, this thesis’ discourse analysis reveals socio-technical imaginaries of EVs. 

The analysis shows that the Dutch national government pursues electrification for various reasons. 

Reductions in carbon emissions are central, accompanied by noise and air pollution concerns. This 

environmental frame is combined with a perspective of industrial policy, where electrification is 

argued to bring (new) jobs and economic progress. Rather implicitly, EVs are mobilized to preserve 

the Dutch (hyper)mobile way of life in the light of climate change. Most documents argue that both 

EVs and active and public transport are desirable. However, few documents are willing to go beyond 

the enticement of car users to behave sustainably, even though it is questionable whether enough car 

users can be enticed to address sustainability issues. EVs are imagined as ‘ICEVs with adoption 

issues’, instead of arguing that EVs are simply different from ICEVs. These findings largely mirror 

the findings by previous authors. 

The most novel perspective on discourse in this thesis is the comparison of the national government 

and local government levels. This way, two ‘discourse coalitions’ are discerned (Hajer, 1993). Local 

governments are found to be a heterogeneous group as three are discursively in line with the national 

government, while eight others are more critical of EVs given space and health-related issues. While 

this discourse coalition of eight municipalities does not reject electric automobility altogether, it does 

consider electrification insufficient on its own, so that a reduction in automobility is discussed s 

simultaneously. These critical local governments discuss various alternative solutions to reduce 

automobility and increase the availability and quality of other modes. 

Discourses and socio-technical imaginaries are essential in shaping policies, but they do not directly 

shape the future. The implications of discourse are only understood when their link with policy and 

the effects of these policies are understood. Unfortunately, given a lack of data the observed discourse 

cannot be directly linked with (changes in Dutch) EV policies. Furthermore, the lack of data does not 

allow for the direct investigation of the effects of Dutch EV policies. Instead, the literature describes 

the general (side) effects of EV policies. For this reason, a literature review is conducted, which 

focuses on the qualitative and quantitative (side) effects of EV stimulation policies on automobility. 

The focus of the study of quantitative change is to investigate whether a rebound effect is induced by 

EV policies. In contrast, the qualitative (side) effects of EV policies are poorly understood, so this 

analysis draws largely on theoretical arguments. 
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The review reveals that (financial) EV stimulation policies lead to a rebound effect, which explains 

the observation of the rebound effect in the first part of this thesis to an unknown extent. The induced 

rebound effect is larger for subsidies that reduce the cost of use than those that reduce the cost of 

ownership, while usage subsidies are also less effective at stimulating EV adoption. Other policies, 

such as investments in charging infrastructure, might cancel out some of the effects of increased 

mobility awareness, given that EVs become more like ICEVs in terms of usage (Ryghaug & Toftaker, 

2014). Providing EV drivers with non-monetary benefits such as access to bus lanes can speed up EVs 

and slow down public transport (PT), which can induce a modal shift from PT to the car (Halvorsen & 

Frøyen, 2009). Finally, EV incentives can further lock in automobility by catering to car-dependent 

lifestyles and societies. 

In contrast, ICEV demand-side policies (Dijk et al., 2020), such as fuel and carbon taxes are found to 

reduce ICEV use and increase EV uptake. The most radical ICEV demand-side policies, namely the 

ban on the sales of (new) ICEVs or even on their use in certain areas, lead to more EV adoption and 

fewer ICEV sales or use, even before the ban commences. The most critical variable for their 

adoption is political will. 

EV policies do not only have a quantitative effect on automobility, but they can also change 

automobility in a qualitative sense. This thesis discusses a non-exhaustive list of five ways in which 

this can occur: the effects of EV policies on the car industry, the relation between EV adoption and 

taxation, and three sets of policies that affect the vehicle fleet: requirements for subsidies (e.g. 

minimum range or maximum price), scrappage schemes, and zero-emission zones (local ICEV bans). 

These discussions illustrate the lasting effects of EV policies on automobility in a qualitative sense, 

but further study is required for a more thorough understanding of these effects. 

 

Policy for desirable automobility and conclusion 
This thesis ends with a discussion of ‘desirable’ policy, aimed at policymakers in countries with high 

levels of car ownership. As there are different perspectives on the future of (auto)mobility, three sets 

of recommendations are developed: a positive, a critical, and a skeptical perspective on EVs. The first 

perspective argues for changing the central goal of EV policy mixes from increasing EV uptake to 

reducing the number of ICEVs and their total usage because the actual reason for pursuing EVs is to 

reduce carbon emissions. This way, policymakers’ attention can shift from EV incentives to ICEV 

disincentives, for example using road pricing, which increases EV adoption in a way that balances out 

the treasury. 

If policymakers are more critical of the effects of EVs, the goal of EV policy can be set to reducing 

ICEV ownership and use while increasing EV uptake by a certain percentage (e.g. 70%) of that 

reduction. In this perspective, there is an overall reduction in car ownership and usage, which is 

achieved by investing in public and active transport and reducing total mobility through urban 

planning and pricing measures. This way, EVs become a part of the pursuit of sustainable mobility. 

A final perspective is called ‘EV skeptical’, which means that policymakers seek to reduce 

automobility first and foremost. Such a perspective is focused on healthy and inclusive transport and 

would set a range of central goals, most importantly safety, health, environmental factors, and social 

inclusivity. EVs do play a role in the EV skeptical vision but they are at the end of the classic ‘reduce, 

shift (mode), improve’ adage. From this perspective, EV adoption can be realized entirely using ICEV 

disincentives, which simultaneously mobilizes tax money to invest in urban planning, active and 

healthy transport, and car-sharing and ridesharing. 
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In conclusion, this thesis finds that the EV transition in its current form leads to an increase and 

various qualitative changes in automobility. The role of governance in these changes is hard to 

determine precisely, but a literature review reveals that EV stimulation policies play a role in the 

rebound effect and that they also affect automobility qualitatively. These policies are underpinned in 

socio-technical imaginaries and discourses, as the Dutch national government imagines EVs largely as 

a ‘technological fix’ for climate-related issues. The national government discusses EV adoption as a 

management issue, which is necessary to preserve automobility as much as possible. In contrast, 

several local governments adhere to frames of sustainable mobility and are more critical of EVs, 

which could inspire policy for more sustainable mobility. Finally, this thesis discussed three different 

perspectives which can inform EV policy.  
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1. Introduction 

Electric Vehicle (EV) 1 sales have grown steadily over the last decade, making large steps towards 

mass-diffusion (Meckling & Nahm, 2019). In 2020, EV sales hit double-digit percentages of total car 

sales in various countries, with a European total EV market share of 7.2% in the second quartile in the 

EU, up from 2.4% in Q2-2019 (ACEA, 2020). In September 2020, European car dealers sold more 

EVs (including Hybrids (HEVs) and Plug-in Hybrids (PHEVs)) than diesel cars (Crider, 2020). In 

Norway, 61% of vehicles sold in October 2020 were EVs while 18% were PHEVs (Schmidt, 2020). 

EVs are expected to take over the automotive market in various countries in the 2020s. In fact, this 

market takeover is guaranteed by various countries as they will phase out ICEVs, starting with 

Norway in 2025, followed by Denmark, India, Ireland, Israel, the Netherlands, Slovenia, Sweden, and 

the UK in 2030 (Plötz, Axsen, Funke, & Gnann, 2019; Wappelhorst & Cui, 2020; Manning, 2020). 

The growing market share of EVs reduces the uncertainty and relevance of studying whether this 

transition will happen (e.g. Berkeley, Bailey, Jones, & Jarvis, 2017; Dijk, Wells, & Kemp, 2016; 

Steinhilber, Wells, & Thankappan, 2013) in favor of studying what the implications will be. 

The academic literature on EVs has thus far focused on addressing the whether, why, how, when, and 

who questions. The why question addresses the effects of EVs on the environment, societies, and 

economies (e.g. Aurland-Bredesen, 2017; Campello-Vicente, Peral-Orts, Campillo-Davo, & Velasco-

Sanchez, 2017; Hoekstra, 2019), while the how question is related to the governance of this transition, 

a thriving literature which discusses aspects ranging from subsidies to charging infrastructure (e.g. 

Langbroek, Franklin, & Susilo, 2016; Lévay, Drossinos, & Thiel, 2017). The when question is related 

to the adoption speed of EVs, which investigates, among others, EV adoption rates and price 

decreases to predict the share of EVs in new car purchases and the total fleet (e.g. Brand, Anable, 

Ketsopoulou, & Watson, 2020). The who and where questions have also been studied by focusing on 

which individuals, social groups, and societies are expected to adopt first and who is expected to 

follow (e.g. Noppers, Keizer, Bockarjova, & Steg, 2015; Axsen, Goldberg, & Bailey, 2016). 

In contrast to most of the EV literature, the central question of this thesis is the what question. While 

it might be straightforward to see what EVs are, it is not straightforward what effects EVs have on 

automobility at large. Automobility is understood in the literature as a socio-technical system. Such a 

system is dynamically stable, which means that it changes slowly but continuously, for example due 

to incremental innovations in engines or each new generation of vehicles being slightly larger (Geels, 

2002, 2018; Sovacool & Axsen, 2018; Mattioli, Roberts, Steinberger, & Brown, 2020). In this thesis, I 

will study automobility as a system (Geels, 2002), that can change in two ways: qualitatively and 

quantitatively. Both types of change will be investigated. By qualitative change, I understand that 

automobility becomes different, for example, because of changes in car culture, average vehicle size, 

or car dealership. By quantitative change, I understand that automobility becomes less or more, for 

example through changes in levels of car ownership or car use. This serves as an indication of 

whether automobility becomes more or less dominant vis-à-vis other, subaltern modes of transport 

such as cycling and public transport (PT) (Geels, 2012). 

This leads to the following research questions (RQs), which are numbered 1.1 and 1.2 and captured 

under the ‘first main research question’ (MRQ1): 

MRQ1: To what extent will the electrification of automobility change automobility? 

RQ1.1: To what extent will the electrification of automobility change automobility qualitatively? 

 

RQ1.2: To what extent will the electrification of automobility change automobility quantitatively? 

 
1 In this thesis, fully electric vehicles are referred to as EVs rather than Fully or Battery Electric Vehicles 

(FEVs/BEVs). This excludes (plug-in) hybrids, which are referred to specifically when relevant. 
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As many authors have observed, the transition towards electric automobility is largely policy-driven, 

which started with California’s 1990 Zero-Emission Vehicle (ZEV) mandate and currently manifests 

itself in more ZEV mandates, emission norms, EV subsidies, and even ICEV sales bans (Altenburg, 

2014: 6; Bakker, Maat, & van Wee, 2014; Dijk, Wells, & Kemp, 2016: 86; de Rubens, Noel, Kester, 

& Sovacool, 2020: 5). Studying the changes in automobility and the (pivotal) role of policymakers 

therein provides a unique opportunity because it can inform policymaking. 

To study governance’s role, it is not satisfactory to look only at the outcomes of governance (which 

we call ‘policy’) because policy is not simply ‘out there’: policies are enacted based on imaginaries of 

and discourse on the future (Jasanoff & Kim, 2009). To better understand why specific electrification 

policies are (not) enacted, I will conduct a discourse analysis of Dutch EV policy documents to study 

‘socio-technical imaginaries’ (Jasanoff & Kim, 2009). Additionally, I will investigate the outcomes of 

policy processes by studying the effects (both qualitative and quantitative) of the policies used to 

stimulate the transition towards EVs. 

The above discussion leads to the following two RQs that together answer MRQ2: 

MRQ2: To what extent can the changes observed in MRQ1 be attributed to governance? 

RQ2.1: What socio-technical imaginaries can be identified behind the transition towards electric 

automobility in the Dutch context? 

 

RQ2.2: To what extent are the observed quantitative and qualitative changes in automobility 

mediated by policymaking in the transition towards electric automobility? 

 

Studying both the changes caused by electrification (MRQ1) and the role of policy in these 

observations (MRQ2) provides a unique opportunity. It allows for a discussion of how policy can be 

used to come to desirable outcomes of the electric automobility transition. To prevent a completely 

normative turn in this RQ, I will cater to three different perspectives: those that view EVs and their 

effects positively, the more critical, and those that are skeptical of the effects of EVs. This discussion 

leads to the following RQ: 

RQ3: How can policy be used to steer the electric automobility transition in qualitatively and 

quantitatively desired directions? 

 

The first part (MRQ1) builds upon Augenstein (2015a) and Kester et al. (2020), who form welcome 

exceptions to a lack of systematic study on the changes during the electrification of automobility; 

most studies classify the transition as ‘incremental’ or ‘radical’ change as ‘a political and 

performative argument’ (Kester et al., 2020: 4). Previous authors have noted that EVs ‘are still cars’ 

so that existing automobility elements will survive the transition (Dijk, Orsato, & Kemp, 2013: 143; 

Bergman, Schwanen, & Sovacool, 2017; Geels, 2012; 2018). Augenstein (2015a: 108) finds that ‘the 

transformative capacity of ... [EVs] is high’, which is substantiated by pointing out a mismatch 

between current and required industrial structures, users, policy, and business models (p108). More 

recently, Kester et al. (2020: 1) use a combination of literature study and interviews to address 

whether ‘EVs ... reinforce the system of automobility or seek to radically reform it?’ by focusing on 

the changes that are associated with EVs in terms of vehicle use, the role of the car in daily life, its 

symbolism, and its economic effects. They draw largely on interviews in the Nordic context, which 

means the validity of their analysis is limited to their area of study and that the authors leave a part of 
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the literature unconsidered. Another difference between this thesis and the study by Kester et al. is 

that the difference between qualitative (RQ1.1) and quantitative changes (RQ1.2) will be made here. 

In the second part of this thesis, RQ2.1 builds upon perspectives on socio-technical imaginaries in 

general (e.g. Jasanoff & Kim, 2009; Tozer & Klenk, 2018) and upon seven studies on EV policy 

discourse in particular (Augenstein, 2015a, b; Bakker, Maat, & van Wee, 2014; Bergman, Schwanen, 

& Sovacool, 2017; Bergman, 2017; Temmes, Räsänen, Rinkinen, & Lovio, 2013; Tozer & Klenk, 

2018; Ryghaug & Toftaker, 2016). The novelty of the analysis in this thesis is the focus on differences 

between urban and national governance perspectives. 

By addressing RQ2.2, I will address a recent call in the transitions literature to investigate the impact 

of policy mixes for transitions (Kern & Rogge, 2018: 112-3; Roberts & Geels, 2019). Specifically, I 

will focus on the side effects of EV policies, namely the ‘rebound effect’ which leads to increased 

mobility (see section 2.3). While the rebound effect has been studied in relation to EVs, this thesis is 

(to my knowledge) the first to link it to the (policies of the) EV transition. 

 

1.1 The structure of this thesis 
This remainder of this thesis is structured as visualized in Figure 2. In the figure, the colors match the 

RQ addressed in the chapter or section, while grey indicates that the discussion is not about one RQ in 

particular. In chapter 2, the theoretical background is discussed, starting with the central framework of 

this study. In chapter 3, the methodology is discussed. In chapters 4-8, the results for each of the five 

RQs are discussed. Finally, a conclusion is drawn in chapter 9, which also discusses theoretical 

insights, limitations, and further research. 
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Figure 2: the outline of the remainder of this thesis (bottom), with colors indicating the RQ that is addressed in 

the section (top). Source: own work. 
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2. Theoretical background 
This chapter starts with the central framework of this study, followed by the theory required to study 

RQ1.1, RQ1.2, RQ2.1, and RQ2.1/RQ3, respectively (section 2.2-2.5). RQ2.2 does not require a 

separate theory section. 

 

2.1 The central framework of this study 
This thesis covers both changes caused by electrification (MRQ1) and the role of policy therein 

(MRQ2). To explain the logic behind this, I will develop a theoretical framework in this section that 

explains how to study changes that come with policy-driven transitions, which I will apply to EVs. 

This framework is developed specifically to study transitions with a degree of preservation of the 

existing system. This includes both the EV transition and transitions in other domains such as food 

(see Mylan, Morris, Beech, & Geels, 2019) and the energy system (see Rogge, Pfluger, & Geels, 

2020). I will illustrate this general framework using examples of the electrification of automobility, 

which also serves the purposes of this thesis. 

The framework starts from the Multi-Level Perspective (MLP) theory, which will be further 

elaborated upon in section 2.2. In brief, this perspective argues that automobility is a ‘socio-technical 

system’, in the sense that it consists of both technical elements such as vehicles and infrastructures 

and social elements, such as users and policymakers. These elements are so intertwined that one 

cannot imagine one without the other. The system, and potential changes therein, are socio-technical 

precisely because of its intertwined nature. 

The MLP is an analytical and heuristic concept to study ‘transitions’ (Geels, 2002), i.e. processes in 

which a socio-technical system is replaced by another system over several years or decades, such as 

the transition from horse-drawn carriages to automobiles (Geels, 2005b). In between transitions, 

socio-technical systems change relatively slowly and gradually, which is characterized by the gradual 

and linear changes in automobility over the last century. This apparent stability is caused by ‘socio-

technical regimes’, which are ‘semi-coherent [rule sets]’ that guide change along incremental 

trajectories (Geels, 2002: 1260). For example, automobiles are generally designed and purchased with 

a certain amount of horsepower as well as five seats. This does not mean that cars cannot be designed 

with seven seats, but ‘breaking’ these rules requires more effort than following them. 

The EV transition is different from many other transitions for two means reasons. First of all, the 

transition is mainly policy-driven (Altenburg, 2014: 6; Bakker, Maat, & van Wee, 2014; Dijk, Wells, 

& Kemp, 2016: 86; de Rubens, Noel, Kester, & Sovacool, 2020: 5). This means that the role of 

policymakers is of particular interest, not only to understand how the transition unfolds but also what 

automobility will look like after the transition. Secondly, it is characterized by a high degree of 

incumbency, meaning that a relatively large number of actors in the incumbent system is involved in 

the new system. Even though one could argue that these incumbents do not necessarily want to make 

the transition (think of reluctant manufacturers and users), the involvement of the automotive 

industry, transport policymakers, and car users in electric automobility is more extensive than in other 

transitions (compare Geels, 2002; 2005b; Mylan et al., 2019). This large degree of incumbency has 

been observed before in the heavy vehicle industry (Berggren, Magnusson, & Sushandoyo, 2015). 

The large degree of incumbency alludes to a relatively minor change during the transition towards 

EVs. Consider, for example, all the horse-related businesses that did not survive the transition towards 

automobility: “e.g. smiths, wheelwrights, cart, van and wagon makers, fitters, painters, coachmen, 

carriers, horse keepers and stable keepers” (Geels, 2005b: 463). In contrast, taxi drivers and vehicle 
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manufacturers can simply drive and manufacture EVs instead. However, the word ‘alludes’ at the start 

of this paragraph indicates that this ‘minor change’ is itself a question to study. Simultaneously, the 

degree to which socio-technical systems survive vis-à-vis being replaced is understudied because of a 

bias towards novelty in transition studies (Berggren, Magnusson, & Sushandoyo, 2015; Shove, 2012). 

Understanding the degree of change and the involvement of new and incumbent actors also allows us 

to better understand Geels & Schot’s (2007) transition pathways, which is discussed in section 2.2. 

Rather than taking ‘transitions’ and ‘novelty’ for granted, I will investigate the extent to which 

automobility changes during the transition towards EVs. To this end, a simple typology of change was 

developed: automobility can change qualitatively or quantitatively during the EV transition. 

Qualitative change means that a system changes without necessarily changing in magnitude (number 

of vehicles and total vehicle kilometers traveled). A whole spectrum of changes can occur, for 

example, in the supply chain, the design and range of the vehicles, and car culture. At the same time, a 

system can change quantitatively: think of electrification leading to reduced or increased vehicle 

ownership and use. These two types of change are quasi-independent: changes in one dimension can 

cause changes in the other. For example, some of the increase in automobility in the early 20th century 

can be linked to the establishment of car racing and touring culture (Geels, 2005a). However, this link 

is not omnipresent. The conceptualization of the two pathways for change in socio-technical regimes 

is illustrated in Figure 3, using automobility as an example. The qualitative composition of 

automobility will be further explained in section 2.2. 

 

 

Figure 3: the potential ways in which automobility can change during the electric transition. Source: own work. 

 

Qualitative changes in socio-technical systems during transitions have been studied from the outset 

(see Geels, 2002). Quantitative changes, however, are generally not studied systematically. Geels 

(2005b) has alluded to the study of quantitative change in the transition from the horse-and-carriage to 

the motor car, as is shown in Figure 4. While the number of road horses was growing almost 

exponentially in the second half of the 19th century, cars took over in the early 20th century to grow to 

even larger numbers than could be expected based on the exponential growth of road horses. In other 

words, this transition resulted not only in a range of qualitative changes (e.g. manufacturing, 
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infrastructure, and mobility culture) but also in quantitative change by making the ‘horseless carriage’ 

more affordable for the masses than the horse-and-carriage would probably achieve2. 

The study of quantitative change is relatively straightforward in this study because EVs approximately 

replace ICEVs in terms of their service. In contrast, a horse-and-carriage functions rather differently 

than an automobile. Considering energy systems, even larger scale jumps between a single solar 

panel, a single wind turbine, and a single nuclear or fossil fuel factory can be expected. For this 

reason, quantitative change is best measured in terms of function, which in the case of EVs means 

studying levels of vehicle ownership and use. 

 

 

Figure 4: the number of road horses and cars in the USA; note the logarithmic scale. Source: Nakicenovic, 

1986, p320, as shown in Geels, 2005b. 

 

The above discussions explain the rationale behind studying qualitative and quantitative change in the 

electric automobility transition to understand the degree of change that it causes. However, it does not 

explain the role of governance in transitions, which is studied in the second part of this thesis. The 

rationale behind this focus on governance is not only that the EV transition is policy-driven, but also 

that policymakers are powerful actors in automobility given their support of the car industry, their role 

in supporting suburbanization and expanding road infrastructures, and the orchestration of 

automobility in general (Mattioli et al., 2020). Together with users and the provision of automobility, 

governance makes up the powerful “triple interlocking system” (Dudley, 2014: 2). To study the cause 

of changes in automobility, researchers can opt for either of the three perspectives. Opting for the 

policy perspective is not only logical given the policy-driven nature of the transition, but also because 

it can improve policymaking (RQ3). 

 
2 In fact, modern levels (about 0.5 per capita) of car ownership are hard to imagine in a world where the horse-

and-carriage was never replaced by the automobile. 
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Various studies have investigated the effects of EV policies on EV adoption. However, less is known 

about the unintended side effects of EV policies, even though it is precisely these effects that impact 

automobility qualitatively and quantitatively. For this reason, I will investigate whether they lead to 

increased or reduced automobility (quantitative effects) or changes in automobility, for example in the 

average vehicle size (qualitative effects). This increases the understanding of the effects of EV 

policies. 

To understand governance, it is insufficient to understand the effects of policies because it does not 

explain why specific policies are adopted. To understand the governance of electric automobility, I 

will conduct a discourse analysis, looking at how EVs are imagined as a part of the future of mobility. 

This analysis allows for tracing changes in automobility (e.g. an increase in vehicle ownership) back 

to policy (e.g. the use of vehicle subsidies), further back to discourse (e.g. ‘EVs must not be more 

expensive than ICEVs, to keep automobility affordable to the masses’). Note that this causal chain is 

inherently fuzzy because the link between discourse and policy is clear but not straightforward 

(Jasanoff & Kim, 2009; Tozer & Klenk, 2018) and because of the multitude of actors involved in 

automobility. There are various feedback loops involved because of adjustments made in the policy 

process over time and because policymakers are themselves embedded in the system (Rogge & 

Reichardt, 2016; Roberts & Geels, 2019). 

The above discussion leads to the following characterization of automobility used in this thesis (see 

Figure 5). Automobility is characterized as a dynamically stable system that changes gradually over 

time, in qualitative and quantitative terms. Electrification causes further changes in automobility, the 

extent to which is investigated in RQ1.1 (qualitative) and RQ1.2 (qualitative). These changes are 

caused by various agents, including the interaction between them. The specific group of study here is 

policymakers, where the focus is on the effect of policy on automobility (RQ2.2). Before addressing 

this question, however, I will investigate the policy process by looking at EV policy discourses in the 

Dutch context (RQ2.1). To an extent, this will provide insight into the causal chain between discourse, 

policy, and changes in automobility, although caution in drawing conclusions is required. 

 

 

Figure 5: The central framework of this study, including the RQs. Note that the lower-left box is Figure 3. 

Source: own work. 
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Four more theoretical discussions are required to answer the RQs. Firstly, to study qualitative changes 

(RQ1.1), it is necessary to understand what ‘automobility’ is and how it can change (section 2.2). 

Secondly, to study quantitative changes (RQ1.2), some economic background is required, specifically 

in what is called the rebound effect (section 2.3). Thirdly, to understand ‘socio-technical imaginaries’ 

and conduct a ‘discourse analysis’, these two concepts need to be explained (section 2.4). To study to 

what extent policies play a role in observed changes, the rebound effect is sufficient, so that this RQ 

(2.2) also draws on section 2.3. Finally, section 2.5 discusses the benefits and limitations of EVs. This 

discussion is instrumental both in shaping the three perspectives on policy improvements (RQ3) and 

as a theoretical background for the analysis of socio-technical imaginaries (RQ2.1), specifically as 

these are mobilized as reasons to pursue electrification. 

 

2.2 The automobility regime 
In this section, I will further elaborate upon the concept of the ‘automobility regime’ and discuss how 

socio-technical regimes can change. To recap from section 2.1, socio-technical regimes are central in 

the MLP and are defined as ‘semi-coherent [rule sets]’ that provide stability to the system at hand 

(Geels, 2002: 1260). Rules are ways of engineering, user practices, skills, and ways of defining 

problems, embedded in infrastructures and institutions (Rip & Kemp, 1998: 340; Geels, 2002: 1260). 

A whole array of cognitive, normative, and regulative rules keeps automobility dynamically stable, 

combined with its actor networks and infrastructures (Geels, 2004). As an illustration, consider 

vehicle standards (the five-seater, 1000-2000kg, steel-and-petroleum vehicle, see Urry, 2004), 

infrastructures, users (e.g. commuting, chauffeuring the children), vehicle purchase and ownership, 

policy (e.g. traffic rules, pricing, road building) and culture (e.g. freedom, ‘the good life’). Note that 

these elements are dynamically stable, which means that they change gradually over time. For 

example, automobility has moved from ‘freedom’ to ‘cocooning’, as Wells & Xenias (2015) explain. 

The second half of this section will focus on explaining how regimes change. 

Geels’ (2002) initial definition of a socio-technical regime includes the following elements (p1262): 

“technology, user practices and application domains (markets), symbolic meaning of technology, 

infrastructure, industry structure, policy [,] and techno-scientific knowledge”. While this is the 

starting point for the analysis, it has both a general drawback and a drawback specifically concerning 

automobility. In general, this definition focuses too little on user practices, so early studies of the 

MLP tended to overlook the user somewhat (see Shove & Walker, 2007; Hargreaves, Haxeltine, 

Longhurst, & Seyfang, 2011). The automobility-specific drawback is that spatial aspects are lacking 

in the general definition of the MLP. Recent mobility studies try to address this by making the MLP 

spatial, but this spatial turn focuses primarily on relational space. This means that studies look 

primarily at the whereabouts of actors and their interactions, rather than how transitions play out in 

physical space (Whitmarsh, 2012). Mobility studies need to consider the territories of the automobile 

(Dupuy, 1995, in Sadeghian, Thébert, Leurent, & Sajous, 2012: 518), which is recognized by several 

authors (Tyfield, 2014; Schwanen, 2015; Henshilwood, 2018). To address these two issues, I will 

‘enrich’ the automobility with Urry’s (2004) user-focussed work and Freund & Martin’s (1993) 

notions of space, which are addressed below. 

Urry’s ‘system of automobility’ (2004) is a seminal work in the ‘mobilities’ literature, which seeks to 

unravel the sociological aspects of automobility. Urry (p25-6) presents automobility in multiple ways: 

1. As “the quintessential” (Fordist) object of “20th-century capitalism”. 

2. As “the major item of individual consumption after housing [with] various sign-values”, such 

as family, freedom, and sexual desire. 

3. As a “powerful complex” of provisionary and facilitatory industries. 
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4. As the dominant form of “mobility that subordinates other modes” and reorganizes our lives.  

5. As a “dominant culture that sustains major discourses” of citizenship and the good life. 

6. As “the single most important cause of environmental resource use” (original emphasis) and 

polluter of the environment. 

Urry goes on to argue that automobility is “immensely flexible and wholly coercive” (original 

emphasis, p28), meaning that the freedom and speed it provides becomes a necessity as the timetables 

of everyday life and the spatial configurations of automobile-centered societies necessitate automobile 

use: 

“It forces people to juggle fragments of time so as to deal with the temporal and spatial constraints 

that it itself generates.” (p28) 

“Automobility thus produces desires for flexibility that so far only the car is able to satisfy.” (p29) 

This spatial and temporal dependence on the car is important to explain how users are locked into 

automobility, a concept called ‘car-dependence’ in the literature (Jeekel, 2018a; Buehler, Pucher, 

Gerike, & Götschi, 2017; Mattioli et al., 2020). According to Mattioli et al. (2020: 12), the 

overprovision of vehicles, the perpetual increase of car infrastructure, car-dependent land-use 

patterns, and a strong culture of consumption keep the system of automobility firmly in place. Even 

when carmakers are near bankruptcy in economic crises, they are deemed necessary for the economy 

and are bailed out (Wells & Nieuwenhuis, 2012; Penna & Geels, 2015; Mattioli et al., 2020). If these 

car-dependence factors do not change, it is questionable whether automobility will change 

substantially, even in a transition towards EVs. Car-dependence can also be highly spatial (see 

Mattioli, Anable, & Vrotsou, 2016). This point is best illustrated by Freund & Martin (1993), who 

speak of the structure of auto space. The structure of auto space is defined as ‘space that is largely 

dedicated to auto use’ (Freund & Martin, 1993: 97): 

“It is a fact of life in the twentieth century that the auto and its myriad accouterments have come to 

constitute the principal material for the built environments of urban areas. It is in this broad context 

that one can speak of a structure of auto space. (p111)” 

As automobility’s spatial domination is not universal, there is merit in referring to the spaces that are 

automobile-dominated as auto space. Building on this definition, I define auto space as locations 

where not using an automobile is an anomaly. Even though one can cross the road, walk over parking 

spaces, take the bus to an office along the highway, or cycle through a drive-through facility, these 

spaces are designed with automobiles in mind (see also Prytherch, 2018), and these spaces would not 

exist or be radically different without the car. Freund & Martin (1993) list four primary automobile 

spaces (p111): 

• “an extensive network of roadways 

• ample storage facilities for autos when they are not in use;  

• an elaborate supporting infrastructure of service, repair, junking, and fueling facilities; and  

• production and distribution facilities” 

While this list covers most of auto space, I add the following spaces to this list to provide more detail: 

• Drive-ins and drive-throughs, rest areas, motels, and other locations that provide services 

related to car users’ needs and desires. 

• Highway locations, shopping strips, and malls, that are designed for automobile accessibility 

(Jeekel, 2011). 

• Automobile-dependent peri-urban areas and suburbia, i.e. areas that are hardly or not at all 

accessible using other modes than the car (see Jeekel, 2018a). 
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The three perspectives that are used to understand ‘automobility’ are now outlined. Together, I will 

refer to them as the ‘automobility regime’ because the MLP is central to our understanding of change. 

To study the automobility regime it is necessary to further discuss which elements and sub-elements it 

consists of. As was pointed out above, there are two drawbacks in Geels’ (2002: 1262) list of 

“technology, user practices and application domains (markets), symbolic meaning of technology, 

infrastructure, industry structure, policy [,] and techno-scientific knowledge”. First of all, Urry 

(2004) inspires to look at user practices in further detail, so they are kept separate from ‘markets’. The 

automobility market and the technologies come together in ‘vehicles’, which are straightforward to 

study. Symbolic meaning of technology is will be called (car) culture here, as it is more appropriate to 

automobility (see Urry, 2004). Freund & Martin’s (1993) auto space is not captured in infrastructure, 

so they will be combined into one category. The study of techno-scientific knowledge is of interest 

but requires a more technical study that investigates patents, for example. Together, this makes for the 

following list: industry structure, vehicles, infrastructure and auto space, culture, and user practices, 

as well as policy, which will be studied in the second part of this thesis. Geels (2004, 2011) points out 

that socio-technical regimes consist of sub-regimes that all have their own networks and rules that 

interact and co-evolve, which is called meta-coordination. This is illustrated in Figure 6. 

 

 

Figure 6: meta-coordination in socio-technical regimes, in this case illustrated using the six elements of 

automobility. Source: own rework of Geels’ (2004) illustration. 

 

Thus far, the discussion has focused on the stability of regimes. From its conception onwards, the 

MLP has focused on transitions, which are periods of radical regime change. The theory is called ‘the 

multi-level perspective’ because it distinguishes between three levels of structuration: ‘regimes’, the 

‘landscape’, and ‘niches’. The landscape is the broader context in which socio-technical regimes are 

situated (Geels, 2002: 1260). It consists of the physical landscape (cities, infrastructures) and softer 

factors such as discourses, political coalitions, norms, and values (Geels, 2002, 2004). The landscape 

is even more structured than the regime, as it usually changes very slowly. Still, it can change very 

suddenly, for example, when a war is started, or an oil crisis breaks out (Geels & Schot, 2007); 
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consider the disruption caused by Covid-19 more recently. The landscape provides ‘gradients for 

action’ (Geels, 2004: 913), making some actions easier than others. 

Innovations, such as EVs, are generated in niches, the third and least structured level. Niches have a 

hard time competing directly in markets due to their mismatch with regime rules: think, for example, 

the lack of charging infrastructure for EVs or the lack of knowledge on the safety of EVs early on. 

Because of this, niches require (temporary) shielding from selection pressures (Geels, 2004). Over 

time, niches can build up ‘momentum’ (Hughes, 1987) by learning and building networks and 

markets. In case the landscape exerts pressure on the regime (Geels, 2004), niches that have built 

enough momentum can potentially break through and replace the existing regime. This is visualized in 

Figure 7. Importantly, these three ‘levels’ (landscape, regime, niche) ”are not ontological 

descriptions of reality, but analytical and heuristic concepts to understand the complex dynamics of 

socio-technical change.” (Geels, 2002: 1259). 

 

 

Figure 7: a visual representation of the MLP with increasing ‘structuration’ on the Y-axis. Source: Geels, 2002. 

 

In the years that followed, Geels and colleagues studied several additional historic transitions, 

noticing that this transition pathway was not universal (e.g. Geels, 2005b). Based on further study, 

Geels & Schot (2007) develop a typology of four transition pathways, i.e. characteristic ways in 

which transitions can unfold. Firstly, there is the technological substitution pathway that was 

described above, in which a niche innovation replaces the regime after landscape pressures destabilize 
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the regime. Secondly, in the (regime) transformation pathway, landscape pressure is gradually 

increasing, resulting in incumbent actor reorientation given that niches are lacking. Thirdly, in the 

regime reconfiguration pathway, a symbiotic niche innovation is incorporated in the regime, after 

which innovation cascades and knock-on effects gradually alter the system architecture. Finally, in 

‘de-alignment, re-alignment’, the regime is destabilized by landscape pressure, after which multiple 

niches compete, ending with the re-alignment of a single niche into the regime (see Table 1). 

Applying these pathways to study the EV transition can further the understanding of the dynamics 

with which automobility will change as well as how these pathways work. 

The development of these pathways showed that early MLP research had a ‘niche-driven bias’ 

towards transitions (Geels, 2011). This realization turned researchers towards the study of regimes to 

identify what kinds of ‘incumbency’ exist in transitions (Turnheim & Geels, 2012; Geels, 2014; 

Turnheim & Sovacool, 2020). Most such studies focus on regime destabilization (e.g. Turnheim & 

Geels, 2012; Leipprand & Flachsland, 2020). In contrast, this thesis will look at what happens to the 

automobility regime during the EV transition. This starts from the position that the regime will not be 

entirely destabilized to investigate which elements will survive the EV transition. Note that this relates 

to the transition pathways: if almost all change comes from inside automobility, this is evidence for a 

transformation or reconfiguration pathway, while a large degree of regime replacement by new 

entrants (such as Tesla) and elements would show more signs of substitution or re-alignment. The 

framework developed in section 2.1 is thus most applicable to the transformation and reconfiguration 

pathways. 

 

Table 1: the four transition pathways. Source: Geels & Schot, 2007. 

 

 

The transition pathways described above explain the different ways in which regime change can 

occur. However, they do not explain ‘how much’ a regime changes during a transition. To this end, 

Geels (2005a) and Smith & Raven (2012) speak of a ‘fit-and-conform’ strategy on the one hand, and a 

‘stretch-and-transform’ strategy on the other. Smith & Raven (2012) define fit-and-conform as 

follows: 

“niche innovations are nurtured into forms that become competitive under conventional, incumbent 

regime terms, so the protective shields become redundant and can be removed, and niche innovation 

is ‘empowered’ in the sense that its developing competitiveness enables increasingly widespread 
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diffusion. The implication is that the niche innovation is developed in such a way that it fits into and 

conforms to a relatively unchanged selection environment.” (p1031). 

In the case of a stretch-and-transform strategy, 

“some features of the niche space are institutionalized as new norms and routines in a transformed 

regime. Here, the niche is empowered by enabling it to change its selection environment, rather than 

be subordinated by it.” (p1031). 

In other words, niches can fit themselves to the existing regime rules, or they can change these rules. 

This typology allows for investigating whether EVs fit or change the elements of automobility or 

conform to them. Smith & Raven (2012) argue that these two types of change can occur in each of the 

six subdimensions of automobility discussed by Geels (2002); in contrast, I will investigate the sub-

elements of the five regimes illustrated in Figure 6. Mylan et al. (2019) argue that ‘hybrid patterns’ 

can exist, in which some of these dimensions are stretched more than others. This thesis will also 

investigate whether such a hybrid pattern occurs for EVs, by investigating whether certain dimensions 

(e.g. gender) change significantly more than others (e.g. vehicle design). 

 

2.3 The rebound effect 
The rebound effect is a central field of study within environmental economics and was first described 

by William Stanley Jevons in his book The Coal Question in 1865. Jevons observed that the Watt 

steam engine’s introduction greatly increased total coal consumption over the coal-fired steam engine, 

despite being far more efficient. The engine’s increased efficiency lowered the cost of use so that it 

was used on a much larger scale, thereby increasing total coal consumption. This phenomenon is 

called Jevons’ paradox, the Khazzoom-Brookes postulate or backfire, which all indicate the situation 

in which energy efficiency leads to a net increase in energy consumption. It was later realized that the 

rebound effect does not always lead to increased energy consumption, as it can also lead to a smaller-

than-expected decrease in total energy consumption. 

The rebound effect is defined as the ‘lost part’ of a given technology’s potential energy savings and is 

caused by behavioral differences that come along with its adoption (Berkhout, Muskens & 

Velthuijsen, 2000). The rebound effect can manifest itself in three ways: 

1. The direct effect: increased consumption of the good itself due to a reduced cost of 

consuming it. 

2. The indirect effect: increased consumption of other goods due to money saved on the now 

cheaper good. 

3. The structural effect: a (small) restructuration of the economy as the sales of various 

productive sectors shift; this can lead to an increase or a decrease in total energy use 

(Berkhout, Muskens, & Velthuijsen, 2000). 

Over time, economists started arguing that this neoclassical perspective (which assumes economic 

rationality) is insufficient to explain the rebound effect in its entirety, as certain behaviors did not 

match economic predictions. For this reason, the literature started drawing on sociology and 

psychology to explain some previously unexplainable phenomena, thereby dropping the assumption 

of economic rationality (see Vivanco, McDowall, Freire-González, Kemp, & van der Voet, 2016). 

The reasoning behind this psychological rebound effect is that adopting a clean technology clears the 

conscience of its users, which can result in a direct rebound effect (e.g. driving more because ‘it is not 

bad for the environment’), as well as an indirect rebound effect (‘I can fly to my holiday destination 

now because I am already driving an EV’) (Santarius & Soland, 2018; Seebauer, 2018). 



26 

 

Given that EVs are generally cheaper in use than ICEVs, a rebound effect can be expected based on 

economic theory (Figenbaum & Nordbakke, 2019). Furthermore, a psychological rebound effect is 

likely, given the (perceived) environmental sustainability of EVs. Previous studies have observed a 

range of rebound effects in relation to HEVs, ranging from no rebound effect (De Haan, Mueller, & 

Peters, 2006), to a very small rebound (Sun, Delgado & Khanna, 2019), to a quite substantial rebound 

(Yoo et al., 2019; 2020) and even backfire (Hamamoto, 2019) in the Japanese context. This means 

that it is essential to be critical of the contexts in which the rebound effect is observed. 

 

2.4 Socio-technical imaginaries 
Discourse analysis is a broad topic of study, of which the study of socio-technical imaginaries is a 

subtopic. Hajer & Versteeg (2005: 175) define discourse as: “an ensemble of ideas, concepts, and 

categories through which meaning is given to social and physical phenomenon, and which is 

produced and reproduced through an identifiable set of practices”. In contrast, the analysis of 

discourse is defined by Hajer (1993: 44) as “the examination of argumentative structure in documents 

and other written or spoken statements”. Discourses are not simply ‘out there’, they are 

institutionalized by actors and institutions (Hajer, 1993). These actors are not alone but form 

‘discourse coalitions’, i.e. “group[s] of actors who share a social construct” (Hajer, 1993: 45). The 

formation of such coalitions results in the creation of a ‘storyline’ that frames a ‘problem’ and 

delimits logical responses to that problem (Hajer, 1993; Tozer & Klenk, 2018). Discourse analysis is 

also used in a Foucauldian sense to uncover ‘the structures that reinforce particular statements as 

normal or true … or even inevitable’ (Tozer & Klenk, 2018: 175-6). This way, ‘truths’ and unwritten 

conventions can be investigated and ‘inevitabilities’ uncovered (Waitt, 2005). 

Socio-technical imaginaries are defined as “collectively imagined forms of social life and social order 

reflected in the design and fulfillment of nation-specific scientific and/or technological projects.” 

(Jasanoff & Kim, 2009: 120). Socio-technical imaginaries are distinguishable from discourse as they 

“are associated with active exercise of state power” and related to prioritization, fund allocation, 

investment, and political opinion (p123), and are closely related to the past, present, and future of 

countries (p124). Socio-technical imaginaries are studied in this thesis by conducting a discourse 

analysis of Dutch EV policy, including a focus on what is not said. 

Socio-technical imaginaries potentially become real as scarce resources are prioritized if the 

imaginaries are deemed practically possible and convincing (Hajer & Versteeg, 2005; Fairclough, 

2010: 480). Visions and imaginaries are in that sense ‘performative’: they link the present with 

preferred futures and can create the conditions for their creation through the allocation of resources 

and setting technological priorities (Levidow & Papaioannou, 2013: 38; Jasanoff & Kim, 2009: 123; 

Geels & Verhees, 2011; Tozer & Klenk, 2018; Bergman, Schwanen, & Sovacool, 2017). In this way, 

‘technological and political orders are co-produced’ (Jasanoff & Kim, 2009: 124). Some even argue 

that such visions can become “a fatalistic la pensée unique in which ‘there is no alternative’” 

(Bergman, Schwanen, & Sovacool, 2017: 172). 

In addition to having real effects, socio-technical imaginaries are often incremental extrapolations of 

the present. Indeed, “people do not craft visions of a good society out of the cultural ether but take 

inspiration from the already existing world, which in turn shapes the potential ‘futures’ they imagine” 

(Smith & Tidwell, 2016: 345; Hajer, 1993). Similarly, user practices are often imagined to be stable 

over time (Geels & Smit, 2000; Shove, 1998), which means that such incremental visions also exist 

on the user side. This way, it can be hypothesized that electric automobility will be envisioned 

incrementally, which asserts power over the plurality of potential mobility futures. 

This study is not the first to study socio-technical imaginaries of EVs. To my knowledge, seven 

papers have been written on the topic. First of all, in an analysis of niche development in the Finnish 
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context, Temmes et al. (2013) find that EVs are supported over ‘reducing car use’ for political 

reasons, with electrification being framed as a ‘stimulating drug’ for the economy. Furthermore, EVs 

are framed from the perspective of the ‘rational consumer’, and the use and social embedding of EVs 

are not considered different from ICEVs (p52) (Rinkinen, 2010, as cited in Temmes et al., 2013). 

Bakker, Maat, & van Wee (2014) investigate interests and expectations among Dutch EV 

stakeholders. At the national level, EV-related interests are related to carbon emissions, air quality, 

economic growth, and independence from fossil fuels. In contrast, local government’s interests in the 

transition vary but are related to (parking) space use rather than economic growth and fossil fuel 

independence (p56-7). The authors also find that EVs are being developed because the car industry is 

pushed towards (climate change) solutions through regulatory pressure. 

Augenstein (2015a, 2015b) notes that, while visions of e-mobility are highly transformative, the 

projects in which they ‘land’ are hardly transformative. Augenstein argues that ”[a] central problem 

is that the commonly shared frames of reference against which electric vehicles are assessed are 

established use patterns, business models, market mechanisms, cultural values, thus in short, the 

social system in which the car is embedded today (2015b, p298). At the same time, Augenstein argues 

that socio-technical co-evolution can result in a reframing of EVs and their context through social 

learning processes (2015b, p298). 

Ryghaug & Toftaker (2016) investigate how various professional EV actors in Norway imagine the 

private EV user. They find that policymakers distinguish between ‘early adopters’ who are willing to 

adopt an inferior product that poses barriers to the general public. The general public is argued to only 

adopt when the technology becomes ‘competitive’, thereby framing them as cost-concerned and 

rational (p10-12). Furthermore, while a few interviewees discuss moving from car ownership to car-

sharing, the majority imagined practices as stable and difficult to affect (p16). 

Bergman, Schwanen, & Sovacool (2017) investigate EV-related imaginaries in the British context 

using a document analysis, focusing on how people, behavior, and mobility are imagined. They find 

that people are imagined as interchangeable (groups of) individuals that passively adopt technology if 

it leads to utility maximization. If consumers do not purchase EVs, this is either framed as rational 

through heavy discounting of future cost savings or as irrational in terms of (e.g.) ‘range anxiety’ that 

can be addressed by educating the public. Like Augenstein, the authors find frames that argue that 

EVs should mimic ICEVs to succeed, being framed as technical substitutes (p169-172). In this way, it 

is argued that car-driving remains the norm and that the question is either which mode people will 

choose, or more narrowly, which car they will buy. Simultaneously, this keeps up the frame that road 

transport underpins our ways of life and that significant behavior change is too difficult or uncertain. 

Bergman (2017) shows how political support for EVs is framed in terms of ‘economic growth’, 

‘technological progress’, and ‘leading by example’ by various public organizations and governments. 

Furthermore, EVs are considered inevitable in light of technological change and economic growth. 

This frame is thus unaffected in the transition towards EVs (Bergman, 2017). 

Finally, Ortar & Ryghaug (2019) find that online citizen forums discuss EVs relatively critically, in 

contrast to how citizens are imagined in the above studies. The focus is on the availability of 

renewable and nuclear energy for EVs, whether the system of automobility should be sustained, waste 

and recycling issues, and transport affordability, inequality, and justice. Their research shows that 

these citizens are much more critical of EVs than policymakers, who put EVs forward as the 

definitive solution and discuss adoption as a technocratic issue. 

Overall, these authors present a view that EVs are seen as a way to keep automobility in place and 

stimulate the economy while addressing climate change, thereby complying with the ‘ecomodernist’ 

or ‘green growth’ perspective (Temmes et al., 2013; Bergman, Schwanen & Sovacool, 2017). This 

way, the ‘transition’ is an incremental continuation of the past and present as the unfettered freedom 
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to move remains in place (Lyons, 2011; Gössling & Cohen, 2014; Bergman, Schwanen, & Sovacool, 

2017: 171; Ryghaug & Toftaker, 2016). EVs are framed in the same terms as ICEVs so that the 

strengths and transformative potential of EVs are downplayed or even ignored (Bergman, Schwanen, 

& Sovacool, 2017: 172; Augenstein, 2015a; Ryghaug & Toftaker, 2016). Collective action (see Tozer 

& Klenk, 2018) seems implicitly framed as impossible so that a pathway of individuals adopting a 

sustainable technology is deemed the only (politically) possible pathway (Bergman, Schwanen, & 

Sovacool, 2017). To this end, it is argued that stimulation is necessary, given that EVs have adoption 

issues. 

In this thesis, I will build upon these studies by contributing the following. Firstly, the study will 

investigate the reasons to pursue electric automobility, which several authors have done before in 

other contexts. Somewhat more novel is my focus on whether EVs are pursued as a ‘technological fix’ 

or as a part of a larger sustainable mobility package, in which both active and public transportation 

play a substantial role; this analysis is similar to Bergman, Schwanen, & Sovacool (2017). Another 

contribution is investigating whether EVs are imagined as a different or disruptive technology, or 

rather in existing terms, building upon Augenstein (2015a) and Bergman, Schwanen, & Sovacool 

(2017). The most novel contribution is that I will distinguish between local governments and the 

national government. Local governments are argued to have different views on mobility (see Marletto, 

2014) so the investigation focuses on whether there are discernable discourse coalitions among the 

heterogeneous actors at the national and local level. Finally, the analysis will focus on more recent 

documents (up to 2020) and focus on the Dutch context. 

 

2.5 The benefits and limitations of EVs 
This final theory section discusses the benefits and limitations of EVs, which underpin the analysis in 

two ways. First of all, they provide an increased understanding of the reasons to pursue electrification 

as discussed by the Dutch government (section 6.1). Secondly, the discussion of RQ3 (policy 

improvements) is based on the different perspectives that transport professionals have on EVs; these 

perspectives are based on the benefits and limitations of EVs. 

The benefits and limitations of EVs are compiled in Table 2, in two crude categories: problems related 

to automobility that are addressed but not solved entirely and problems that are not addressed or even 

become worse. Note that EVs do not solve any automobility-related drawbacks completely, at least 

not in the short term. As this review is not systematic, it should be treated as indicative.  

EVs emit more carbon dioxide (CO2) than ICEVs during manufacturing, while the relative emission 

reductions per kilometer depend heavily on the country’s energy mix. This way, the total number of 

kilometers that need to be driven to ‘break-even’ range from 30.000 to ‘never’, for very coal-heavy 

mixes (Del Pero, Delogu, & Pierini, 2018; Hoekstra, 2019; Skrúcany et al., 2019). Concerning human 

health, EVs emit less noise at speeds up to about 50 km/h (Campello-Vicente et al., 2017) and have 

zero tailpipe emissions but do emit from non-exhaust sources3, resulting in a probably minor 

reduction in total emissions relative to new ICEVs (Timmers & Achten, 2016; Requia et al., 2018; 

Choma et al., 2020). Although still understudied, the total health effects of EVs are likely somewhat 

positive relative to ICEVs (Choma et al., 2020; Requia et al., 2018). Next to not being entirely ‘clean’, 

EVs do not address capacity-related issues, such as space use, congestion, transport inequality, and 

safety (Jones, 2019; Henderson, 2020). Furthermore, physical inactivity and resource use also remain 

significant issues (Jones, 2019; Henderson, 2020). 

 
3 Non-exhaust emissions are emission that stem from road, tyre, and break wear, as well as particulate matter 

that is resuspended into the air through aerodynamic effects. 
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Table 2: the automobility problems that EVs address to an extent (left) and the problems that EVs do not 

address or worsen (right). Source: own work. 

Problems addressed somewhat by EVs Problems not addressed or worsened by EVs 

Problem Evidence Problem Evidence or logic 

Climate 

change 

Del Pero, Delogu, & Pierini, 

2018; Hoekstra, 2019; 

Skrúcany et al., 2019 

Congestion EVs are of a similar size and are 

driven at similar speeds as ICEVs 

Noise  Campello-Vicente et al., 

2017 

Space use EVs require similar amounts of space 

for driving and parking 

Human 

health 

Requia et al., 2018; Choma 

et al., 2020 

Physical 

inactivity 

EVs do not require more physical 

activity than ICEVs 

Air 

pollution 

Timmers & Achten, 2016; 

Choma Evans, Hammitt, 

Gómez-Ibáñez, & Spengler, 

2020; Requia Mohamed, 

Higgins, Arain, & Ferguson, 

2018; Jones, 2019 

Traffic safety EVs are similar to ICEVs and are 

sometimes argued to be less safe due 

to their lack of noise at low speeds 

(see Labaye et al., 2017) 

Transport 

inequality 

EVs do not directly change car-

dependency as they are similar to 

ICEVs 

Resource use EVs require similar resources to 

make, while batteries require 

additional scarce resources; 

Dolganova, Rödl, Bach, Kaltschmitt, 

& Finkbeiner, 2020; Henderson, 2020 

 

Socio-technical imaginaries of EVs are based, at least in part, on these findings. I discern between 

three discourse coalitions (Hajer, 1993), although the distinguishability of these coalitions is an 

empirical question that requires further study. The first discourse coalition that I discern is called 

‘proponents’ as they treat EVs as a panacea or technological fix. This coalition argues that EVs 

address the problems of automobility: climate change, noise, and air pollution, thereby making 

automobility ‘clean’, which is ‘sustainable’ (see Sovacool et al., 2020). Especially governments are 

congregating behind this vision of EVs as the main solution (Bergman, 2017; Sovacool & Axsen, 

2018). EV proponents are perhaps best illustrated by a quote from a Dutch senior transport policy 

practitioner I encountered during an internship: ‘if it’s electric, it’s clean. Then, so what?’. 

The second discourse coalition that I discern is called the ‘EV critical’ group of transport 

professionals. This group argues that EVs are important in addressing climate change but that the 

transition towards EVs must be combined with reduced mobility, PT, and active transport to reach 

sustainable mobility (Anable & Goodwin, 2018; Augenstein, 2015a; Creutzig et al., 2020; de Blas, 

Mediavilla, Cappellán-Pérez, & Duce, 2020; Friis, 2020; Kester et al., 2020; Morgan, 2020; Sovacool 

et al., 2020). It must be noted that this group has a degree of overlap with the next group, as some 

authors position themselves somewhat in between. This means that it is not clear whether these two 

groups are discernable discourse coalitions. 

The final discourse coalition that I discern is called ‘EV skeptical’, which is a group of scientists, 

mainly, that considers EV a wolf in sheep’s clothing. These authors argue that electrification distracts 

from the real issue: the need to reduce automobility substantially. This group argues that EVs would 

still be problematic even if they address climate change sufficiently, for example, because they do not 

sufficiently address health concerns (Jones, 2019) and resource use (Henderson, 2020), or achieve 

transport justice (Jeekel, 2018a; Henderson, 2020). This perspective focuses on Banister’s (2008) 

‘sustainable mobility’, which is people-centric: streets should be treated as spaces, and transport 

should be slowed down rather than sped up.  
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3. Methodology 
The methodology of this thesis is as follows. RQ1.1 (qualitative) is answered based on a literature 

review (section 3.1). RQ1.2 (quantitative) is answered based on a systematic literature review of the 

EV rebound effect combined with a literature review of EV user behavior (section 3.2). RQ2.1 (socio-

technical imaginaries) is based on a discourse analysis of Dutch EV policy documents (section 3.3). 

RQ2.2 (policy effects) is answered based on a literature review on the effect of EV policies (section 

3.4). RQ3 (policy improvements) is based on the findings of RQ2.2 so that it does not require any 

additional methodology. 

 

3.1 Literature review on qualitative changes in automobility 
This section will discuss the methods used to study the following RQ: 

RQ1.1: To what extent will the electrification of automobility change automobility qualitatively? 

 

To recap, I established in section 2.2 that automobility consists of six elements: industry structure, 

vehicles, infrastructure and auto space, culture, and user practices, as well as policy, which is studied 

in the second part of this thesis. The remaining five elements of automobility can be further 

subclassified in a myriad of ways (see e.g. Müller & Frenzel, 2020). This subclassification results in a 

list of several dozen sub-elements, which is too much to study, even in a master thesis. To reduce the 

number of sub-elements, sub-elements that are not central to automobility or not relevant concerning 

EVs are excluded. For this reason, aspects such as horse trailers and traffic rules (see Müller & 

Frenzel, 2020) are not studied, as the prior is not central to automobility while the latter does not 

change during EV adoption. Next to using Müller & Frenzel’s sub-elements, the analysis is emergent, 

meaning that some subsections are chosen because the review shows the relevance of these sub-

elements. The overview of sub-elements to study is listed in Table 3. 

Each of these sub-elements is investigated using a literature review. To maximize inclusion, no 

temporal or geographical boundaries are set; however, this does limit traceability. Because the review 

is conducted in English, there is a bias to English-publishing countries. For each of the 

subdimensions, multiple Google Scholar searches were conducted, starting with “[subdimension] 

electric vehicles” (without quotation marks) without a specific starting date. If academic literature is 

unavailable, the grey literature is searched using the generic Google search engine. Additionally, 

several studies were obtained through snowballing. Given data availability, most studies are from 

western countries, so caution should be taken to generalize beyond this context. 

Based on the review, a conclusion is drawn on the degree of disruption in each sub-element caused by 

electrification. Because concluding whether EVs are disruptive or not is a political, performative 

argument (Kester et al., 2020), the findings are presented on a 1-5 scale, where 1 refers to the most 

‘regime-fitting’ observation and 5 to the most ‘regime-stretching’. This way, the scale itself is 

determined by the outermost observations. By looking at the scale, it can also be determined whether 

a ‘hybrid pattern’ is observed (Mylan et al., 2019): if the difference between the most regime-fitting 

and the most regime-stretching observations are sufficiently large, the hybrid pattern can be 

confirmed. 

This methodology’s drawbacks are rather clear: this method only allows for approximate replication. 

For this reason, the findings should be treated as starting points for debate and further investigation, 

just like the works of previous authors (Kester et al., 2020; Augenstein, 2015a). 
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Table 3: the elements and sub-elements of automobility, and the sources that justify the study of the sub-

element concerning EVs. Source: own work. 

Element Sub-element Source(s) for sub-

element 

Industry structures Energy supply chain [1], [2], [4], [5] 

OEMs and suppliers [1], [2], [4], [5] 

Car dealerships, maintenance, and end-of-life [1], [2], [4] 

Vehicles Design [1], [2], [3] 

Size [1], [2] 

Range [2], [4] 

Infrastructure and auto 

space 

Charging locations [1], [4], [6] 

Structure of auto space [3], [5] 

Culture Comfort and the driving experience [1], [2], [3], [5] 

Status and fun [1], [2], [3], [5] 

Gender [1], [2], [3], [5] 

Environmental values [1], [2], [3] 

Innovative and technological values [1], [2], [3] 

Freedom [1], [2], [5] 

User practices Eco-driving behaviors [1], [2] 

Trip planning behaviors [1] 

Modal shift to driving [2] 

Charging behavior [2] 

Car-sharing [1], [2], [6] 

[1] Müller & Frenzel, 2020 [2] Kester et al., 2020 [3] Sovacool & Axsen, 2018 [4] Sovacool et al., 

2018b [5] Urry, 2004 [6] Dijk, Wells, & Kemp, 2016 

 

3.2 Semi-systematic review on quantitative changes in 

automobility 
This section will discuss the methodology for the following RQ: 

RQ1.2: To what extent will the electrification of automobility change automobility quantitatively? 

As pointed out in section 2.1, automobility’s quantitative dimension is considered linear in this thesis 

(see Figure 3): it can either increase or reduce. The intricacy in RQ1.2 is that there are two semi-

overlapping bodies of literature involved. The EV behavior literature discusses not only decreases and 

increases in automobility but also behavior that is qualitatively different, which is obtained through 

the literature review in section 3.1. The second body of literature is that of the rebound effect which 

focuses only on increases in automobility. 

This analysis started with an attempt at systematically reviewing the EV user behavior literature. 

However, the user behavior literature is too large to capture wholly, which is apparent in the large 

retrieval when the search terms ‘electric vehicles’ and ‘user behavior’ or ‘usage’ are combined, which 

yields over 2000 documents (see Table 4). In contrast, combining ‘rebound effect’ with ‘electric 

vehicles’ or ‘electric cars’ yields only 230 documents, even if ‘rebound effect’ is allowed to occur 

anywhere in the paper. For this reason, the vantage point of the analysis is that the EV rebound effect 

literature can be systematically reviewed while the user behavior literature is too vast to review 

systematically. 

A first look at the third search (230 documents) revealed that many of the studies did not discuss the 

rebound effect in detail but only mentioned it a few times or just once in the paper. For this reason, a 
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fourth search was conducted, where rebound had to be included in title-abstract-keywords, as it was 

argued that empirical investigations into the rebound effect should mention it in at least one of the 

three. The 46 identified studies were further filtered based on three criteria. First of all, the ‘rebound 

effect’ has to be an increase or decrease in the amount of automobility, as some studies considered the 

‘rebound effect’ in the electric grid. Secondly, the study has to discuss fully EVs rather than (plug-in) 

hybrids. This first filtering yielded 22 documents. These were further filtered for the third criterion: an 

empirical investigation of the rebound effect concerning EVs. This filtering yielded a mere eight hits. 

All of these papers are included in the analysis as discussed in chapter 5. Additionally, backward and 

forward snowballing (using the references and citations, respectively) were used to find missing 

papers. This way, three additional papers were obtained. These papers were not available in Scopus or 

did not meet the search criteria. For this reason, there may be a few more papers ‘out there’ 

concerning the EV rebound effect that were not obtained through these searches. 

 

Table 4: searches conducted in Scopus for the systematic review of the rebound effect concerning EVs. All 

search terms are title-abstract-keywords unless otherwise specified. Source: own work. 

First search Second search Third search Fourth search 

“electric vehicles” “electric vehicles” “electric vehicles” “electric vehicles” 

AND AND OR OR 

“user behavior” usage “electric cars” “electric cars” 

  AND AND 

  rebound (all fields) rebound 

179 documents 2265 documents 230 documents 46 documents 

 

In contrast to the systematic review, the literature review of EV user behavior was conducted in 

Google Scholar. This literature review was conducted in a similar way to the literature review on 

qualitative changes (section 3.1). Various search terms along the lines of “electric vehicle driving 

behavior” (no quotation marks) were used. Additionally, some studies that were identified in the 

review in section 3.1 were also of use. The findings of both reviews are shown in chapter 5. Section 

5.1 discusses the evidence for reduced automobility, based on the literature review of EV user 

behavior. Section 5.2 covers the evidence for increased automobility that is contained in the bodies of 

literature on EV rebound and EV user behavior. 

 

3.3 Discourse analysis on socio-technical imaginaries of EVs 
This section will discuss the methodology for the ‘discourse analysis’ of Dutch EV policy documents: 

RQ2.1: What socio-technical imaginaries can be identified behind the transition towards electric 

automobility in the Dutch context? 

 

To study socio-technical imaginaries of automobility, the analysis will consider ‘state bodies’ both at 

the national level and the local level of governance (see Levidow & Papaiaonnou, 2013; Bergman, 

Schwanen, & Sovacool, 2017). The analysis focuses on visioning documents, agendas, plans, and a 

few quantitative documents. In contrast to many other studies (e.g. Tozer & Klenk, 2018), quantitative 

documents are included because the focus on implicit futures in the documents can reveal the 

legitimization and prioritization behind quantitative documents. 

The analysis focuses on the national level and the local level as two separate entities to study. At the 

national level, an overview of relevant Dutch governmental organizations and public-private 
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partnerships that relate themselves to EVs in some way was made. This overview includes the 

Netherlands Environmental Assessment Agency (PBL), the Knowledge institute for Mobility policy 

(KiM), the action committee ‘The Netherlands Electric’, the Ministry of Infrastructure and 

Waterworks (I&W), the Netherlands Enterprise Agency (RVO), as well as the coalition government. 

This list was checked with the thesis supervisor, who is a Dutch mobility governance expert as well as 

a former advisor of the ministry of I&W. A search on the websites of these organizations was 

conducted, with ‘elektrisch rijden’ (electric driving) and ‘elektrisch’ (electric) as search terms. As 

these search terms run the risk of excluding technology-neutral documents, the search term ‘zero 

emissie’ (zero-emission) was used as a control term. No additional documents were obtained this way. 

This search yielded a total of 35 documents. The documents were further filtered for documents with 

too large overlap to reduce overrepresentation and increase variability. This resulted in the removal of 

14 (of which 12 PBL documents) of the 35 documents to yield 21 documents for the analysis. 

Additionally, the review covers the eight largest Dutch municipal areas (200.000+ inhabitants4) and 

the two largest metropolitan areas, because urban areas are often considered ‘beacons of hope’ for 

proponents of sustainable mobility (e.g. Jeekel, 2018a, b). Surprisingly, none of the cities have a 

specific EV vision so general and clean mobility visions were included instead. The city of Groningen 

included both a mobility vision and an EV charging (infrastructure) vision, so both were included. No 

document was obtained for the Amsterdam Metropolitan Area. This way, these eight cities and two 

metropolitan areas yielded a total of ten policy documents. The overview of the 31 (21 national +10 

urban) analyzed documents is presented in the appendix, Table A1. 

The analysis was conducted as follows. Following Bergman, Schwanen, & Sovacool (2017), Munoz, 

Huijben, Verhees, & Verbong (2014), and Bazeley (2009), a combination of quantitative and 

qualitative content analysis was used. Quantitative content analysis was used to ‘count’ explicit 

statements, such as ‘economic growth underpins our way of life’ (see Bergman, Schwanen, & 

Sovacool, 2017), as well as to count the number of publications that use certain frames (compare 

Munoz et al., 2014). Qualitative content analysis was used to unravel assumptions that lie behind 

statements, such as ‘people tend to discount future cost savings’, which implicitly upholds the 

assumption of the ‘homo economicus’ (see Bergman, Schwanen, & Sovacool, 2017). The analysis 

also covers such implicit assumptions behind statements. 

The procedure followed was the following. The documents were analyzed using Nvivo. The 

documents were first coded following Ryghaug & Toftaker (2016). Passages relevant to the three 

discourse analysis questions5 were coded in an emergent fashion. These codes (some of which have 

‘subcodes’) were then linked to each other to form an overarching theme. The ‘describe-compare-

relate’ structure was followed to improve consistency (Bazeley, 2009: 10), which roughly comes 

down to ‘describe the context and theme’, ‘compare to see if this theme is omnipresent’, and ‘relate to 

the literature’. 

After identifying the codes, subcodes, and themes, an inquiry was made into the documents to see if 

discourse coalitions could be discerned, that together create storylines (see Hajer, 1993; Munoz et al., 

2014; Tozer & Klenk, 2018). Two storylines were developed through a close reading of the 

documents in combination with counting the number of times a document adhered to a certain code or 

 
4 This constitutes the eight largest Dutch cities. The search included Amsterdam (including its metropolitan 

area), Rotterdam, The Hague (including the Rotterdam-The Hague metropolitan area), Utrecht, Eindhoven, 

Tilburg, Groningen, and Almere. 200.000 was chosen to keep the number of documents to a limit and limit the 

research to the largest cities of the Netherlands. 

5 To recap, the three questions are the reasons to pursue electric automobility, the adherence to frames of 

technological fix or sustainable mobility, and the imagining of the transition as technological substitution or a 

socio-technical transition. 
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theme (see Munoz et al., 2014). Following Bazeley (2009), it was intended to provide a nuanced 

picture by showing where themes do (not) appear. This leads to the conclusion that the storylines are 

consistent, but this does not mean that each document adheres strictly to every element in one of the 

two storylines, as some of the documents draw mainly from their own storyline and a little from the 

other storyline. Quotes were translated from Dutch to English, focusing on keeping the tone and intent 

of the original quote. 

 

3.4 Literature review on the effects of EV policies 
This final section of the methodology addresses RQ2.2: 

RQ2.2: To what extent are the observed quantitative and qualitative changes in automobility 

mediated by policymaking in the transition towards electric automobility? 

 

A starting point for the analysis is identifying what “policymaking in the transition towards electric 

mobility” is. Following the innovation policy literature, I will consider the whole policy mix, which 

includes not only direct, EV-related policies, but also policies aimed at the ‘destruction’ of incumbent 

systems, such as fuel tax increases or carbon taxes (Rogge & Reichardt, 2016: 1630; Kern & Rogge, 

2018: 113; Dijk et al., 2020). Following Dijk et al. (2020), such ‘destruction’ policies are named 

ICEV demand-side policies. The focus is on economic policy instruments, although some regulatory 

instruments are also included. Notably, the third type of instrument (Rogge & Reichardt, 2016), 

information can also affect the automobility regime but is outside the scope of the discussion given 

that there is little research on the effects of EV information spreading policies. Note that the unit of 

analysis (Rogge & Reichardt, 2016) is the potential quantitative and qualitative effects of EV policies 

on automobility, rather than on EV diffusion, which most analyses of EV policy (mixes) focus on (e.g. 

Dijk et al., 2020). 

Studying the quantitative and qualitative effects of EV policies can be done in multiple ways. The 

most logical starting point would be an empirical investigation in the Dutch context to link RQ2.2 

with RQ2.1. Unfortunately, I do not have access to data that links (changes in Dutch) EV policy to 

(changes in Dutch) automobility. Another fruitful pathway would be simultaneously analyzing two 

countries in terms of their EV policies and their rebound effect (and qualitative aspects of 

automobility). However, such data is also not available. For this reason, I will conduct another 

literature review to summarize the available evidence: theoretical (economic) arguments and 

empirical evidence. Given the limited availability of empirical evidence, I do not focus on a single 

context (e.g. the Dutch) because this would result in too few observations. This wide focus means that 

no definitive system boundaries can be set (see Rogge & Reichardt, 2016). The available evidence is 

too thin to review systematically so I will compile existing arguments and point at directions for 

further research. As qualitative effects have received scant attention in the literature, theorization will 

be used in conjunction with the scarce evidence. The findings for RQ2.2 are shown in chapter 7. RQ3 

is answered based on these findings and is answered in chapter 8.  
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4. Results: qualitative changes in automobility 
In this chapter, the following RQ will be answered: 

RQ1.1: To what extent will the electrification of automobility change automobility qualitatively? 

 

As was discussed in sections 2.2 and 3.1, the automobility regime will be studied from six 

perspectives in this thesis. Starting from the top left in Figure 8, this chapter will treat the industry 

regime (4.1) clockwise until user practices (4.5). Policy will be studied in chapters 6-8. 

 

 

Figure 8: meta-coordination in socio-technical regimes and the sections and chapters in which each sub-regime 

is discussed. Source: own rework of Geels’ (2004) illustration. 

 

4.1 Industry structures 
In this section, changes in industry structures will be discussed, starting with the energy supply chain, 

followed by OEMs and their suppliers, while the third part addresses sales, maintenance, and vehicle 

end-of-life. 

In the energy supply chain, it is apparent that the switch from oil to electricity is disruptive. Even if 

only oil were to be used to generate the electricity, EV use would reduce total oil demand because 

EVs and oil-based power plants are more efficient energy converters than ICEVs (Lovell, 2020). The 

disruption is much larger because many countries are transitioning to renewable electricity during the 

EV transition. Several fast-charging providers already offer ‘renewable electricity’, such as the Dutch 

Fastned and the French Allego (in the Netherlands, De Telegraaf, 2016), while at-home charging 

depends on the household’s energy contract. This way, the petroleum supply chain is heavily 

disrupted in the long term, especially in the US, where more than two-thirds of petroleum is used for 

transportation and almost half of all petroleum is used in the form of car gasoline (see EIA, 2020). 

Because automobility plays such a large part in oil consumption, EV diffusion plays a large role in 

peak oil, which is expected even earlier than it was due to the Covid-19 crisis: energy consultant 

Rystad now expects peak oil to occur in 2027-2030 instead of 2030 (Green & Jessop, 2020). Others 

argue that peak oil already happened in 2019 (Meredith, 2021). In any case, the automotive energy 
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supply chain will be disrupted during electrification, ranging from oil wells, refinery, storage, and 

distribution, up to the petrol stations, with the biggest hits coming when EVs reach their mass-

diffusion stages around the globe. The question that follows from this disruption is whether actors in 

the energy supply chain can survive the transition and diversify into renewable electricity (for EVs; de 

Rubens et al., 2020). However, this question is beyond the scope of this research. 

In addition to the energy supply chain, the EV transition will also require restructuring the entire 

automotive value chain (Augenstein, 2015a). EVs threaten automotive part suppliers as exhaust 

systems, fuel systems, transmissions, pistons, crankshafts, and motor suppliers either become absent 

or vastly different (Altenburg, 2014; PwC, 2019). While ICEVs have over a hundred moving parts, 

EVs have only three (UBS group, 2017). This way, the value added by component suppliers is 

expected to reduce from 50-55% to 35-40% so that many suppliers of parts will have to diversify or 

risk not surviving the transition (Schmidt, 2019). On the other hand, newcomers in power electronics, 

batteries, and electric engines take up a large share of the value added; note that engines are 

traditionally among OEMs’ core competencies (Altenburg, 2014: 11; Sharma, 2018). Batteries are 

perhaps the most important component in terms of value shift, at least until they become cheaper than 

$100 per kilowatt-hour (kWh) (Altenburg, 2014; Sharma, 2018). 

It is, as of yet, unclear how much of the value-added will fall into the hands of OEMs vis-à-vis their 

suppliers as there are both a range of different EV designs in terms of their components, as well as a 

range of different degrees of in-house production of components versus purchase from suppliers 

(McKinsey & Company, 2017). If OEMs own the battery supply chain, they can deliver 40-45% of 

the added value. However, it is unlikely OEMs will produce their own batteries, as it is expected that 

large battery producers will reign supreme (MH&L, 2019). Overall, conclusions can only be drawn 

after the strategic games in the industry play out (Altenburg, 2014) and it is understood what happens 

to the large number of outsiders moving in (Ferràs-Hernández, Tarrats-Pons, & Arimany-Serrat, 

2017). 

OEMs do not only have to consider their part of the value chain; they also compete between 

themselves and must comply with emission targets or face fines. This way, OEMs face a decision. On 

the one hand, they can transition to EVs rapidly, which means they lose the remaining return on 

investment on their billions of euros of ICEV investments after the 5-7 years that these EV 

investments take to get in place (de Rubens et al., 2020). On the other hand, they can wait for the 

ICEV supply chain sunk costs to recuperate and invest in EVs as soon as these sunk costs are 

recuperated. This way, they are unlikely to become EV market leaders and could lose ground to 

companies such as Tesla or even new movers such as Apple (de Rubens et al., 2020). Furthermore, 

they also run the risk of non-compliance with (European) emission norms. 

In terms of car sales, it is apparent that car dealers are reluctant to sell EVs as they (in some cases) 

make losses on EVs, so that their participation is often ‘forced’ from the outside (Nykvist & Nilsson, 

2015; Cahill, Davies-Shawhyde, & Turrentine, 2014; de Rubens et al., 2020). Given their novelty, 

selling EVs takes car dealers 2-4 times longer than selling ICEVs and requires more knowledge, 

making it even more costly (de Rubens, Noel, & Sovacool, 2018). Most car dealers do not discuss the 

availability of EV models, and if asked about, EVs are actively disregarded, with some dealers 

spreading misinformation (de Rubens, Noel, & Sovacool, 2018). Unsurprisingly, EV buyers are 

significantly less satisfied with car dealers as they report a lack of knowledge and available services 

(Cahill, Davies-Shawhyde, & Turrentine, 2014; de Rubens, Noel, & Sovacool, 2018).  

The disruption is even more significant for car maintenance providers, which partially overlap with 

car dealers. The maintenance requirement of EVs is understudied; various numbers circulate. One 

industry professional estimates the maintenance requirement of EVs at 10-20% of that of ICEVs, 

while maintenance makes up about 50% of revenue (de Rubens et al., 2020). Indeed, the largest 

income source for car dealers is from parts and services, followed by the sales of second-hand cars, 
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followed by the sale of new cars (Kress, 2015). The lack of maintenance affects a big part of the 

supply chain, as OEMs supply fewer spare parts, while dealership networks and car mechanics lose 

out even more in terms of revenue (de Rubens et al., 2020; Nykvist & Nilsson, 2015). 

At the end of their lifetime, EVs also go through different processes than ICEVs. EV batteries contain 

valuable materials that present both a large recycling challenge and a large opportunity in terms of 

resources (Harper et al., 2019). In some cases, the batteries might be taken out of the vehicles and 

reused for energy storage, but it is expected that there will be more end-of-life batteries than demand 

for energy storage reuse (Harper et al., 2019). Initially, recycling will be expensive, but it can be 

automated in the long run, making it potentially profitable (IER, 2019; Harper et al., 2019). The 

battery reuse and recycling industry will thrive only when many vehicles reach their end-of-life, 

starting in the 2020s and reaching substantial volumes in the 2030s (Abdelbaky, Peeters, Duflou, & 

Dewulf, 2020). 

 

4.2 Vehicles 
The second element to discuss is vehicles, which will feature vehicle design, size, and range. 

Firstly, the introduction of EVs could change vehicle design. Before discussing such changes, it is 

important to note the parallel with the transition from horse-and-carriage to ‘horseless carriages’, 

which took decades to develop into cars that do not look like horseless carriages (Geels, 2005a; 

2005b). In other words, initially, horseless carriages ‘fitted’ the context but ‘stretched’ to be shaped 

like cars later on (closed body, five seats, etc.; see Geels, 2005b). For this reason, if contemporary 

EVs look like cars, this does not mean they will not take different shapes in the future. EVs, then, can 

perhaps be referred to as ‘ICE-less cars’. 

Some of the changes in EVs are related to technological differences. The layout of EVs is different 

given the relatively small engine surrounded by fewer parts and the relatively large and heavy battery 

pack (relative to a fuel tank) that is often placed in the bottom of the car to improve driving 

performance (Techcrunch, n.d.). This way, space in the front is spaced up, allowing some EVs to have 

a ‘frunk’, a front trunk. Another technical difference is in the grills, which become (almost) obsolete 

as less air intake is required for cooling. While Tesla’s vehicles have very small grills, some 

traditional manufacturers give their EVs ‘normal’ grills to preserve the brand identity (Atlis Motor 

Vehicles, 2019). Polestar’s head designer argues that wheels will get larger and wheelbases longer to 

house the batteries (Techcrunch, n.d.). 

Not all EVs are newly designed, however, so the design freedom can be limited. Three types of EV 

vehicle design can be distinguished. First of all, there is a range of EVs that consist of electric 

versions of existing ICEV models, which are often denoted with ‘e-‘, such as the e-Golf and the e-

Corsa. Secondly, some new models are designed as both ICEVs and EVs, such as the Volkswagen (e-

)Up and the Kia (e-)Niro. The third group of EV models, such as the Nissan Leaf and all Tesla 

models, have full design freedom because they lack an ICEV counterpart. This way, it can be argued 

that the first category of EVs looks like ICEVs, while the third category of EVs should be what EVs 

look like (see also Sovacool et al., 2019d). Interestingly, the middle category offers the ability to be 

designed along the spectrum between ICEVs and EVs. Even though all new designs after the 

transition will be EVs, this does not mean that the designs in the first and second groups will be 

discontinued. 

One of the most disruptive EV designs in the 2010s was the BMW i3, being the first mass-produced 

car with an all-carbon-fiber body (Lattore, 2013). However, BMW decided after a while that the i3 

and its i8 counterpart were ‘singular’ vehicles: ‘a thing of the past’ (Sovacool et al., 2019d: 54). In 

contrast, one of the most incremental EV designs is the Fiat 500e, a half-outsourced electric version of 
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an existing model (Sovacool et al., 2019d). Interestingly, after introducing these radical (BMW) and 

incremental (Fiat) designs, both OEMs converged towards average levels of innovativeness (Sovacool 

et al., 2019d). 

As of 2020, many new EV designs are argued to represent the future, often based on shiny metal and 

LED headlights. Figure 9 shows the new Volkswagen ID-collection and the Tesla Cybertruck 

alongside the BMW i3 and the Fiat 500e. Arguably, the marketing is more disruptive than the actual 

designs, which do not look ‘electric’ per se and are ‘futuristic’ in subtle ways (the Cybertruck being a 

notable exception). The move from ICEVs to EVs is far less radical from a propulsion perspective 

than the move from horse-drawn carriages to automobiles, so the degree of design changes that follow 

along with it might be far less radical. Current automotive designs are the culmination of decades of 

aerodynamics research and safety design, making the design flexibility lower than during the 

horseless carriage era (Watkins, 2018). 

 

 

Figure 9: From top-left to bottom-left (clockwise): the Fiat 500e; Volkswagen ID-collection; the BMW i3; the 

Tesla Cybertruck; the Volkswagen ID collection. Source: Nederend, 2020; van der Weerd, 2020; Telsa, n.d.; 

Industry Europe, 2019. 

 

Next to design changes, EVs might also affect the size of vehicles. The last decades are characterized 

by a move towards ever-larger (petrol and diesel) vehicles, with the SUV being the culmination of this 

shift. The question is whether this trend will continue with EVs (see e.g. Craglia & Cullen, 2019) 

despite the “quest to preserve battery life” (Ingenlath, 2019). A clear shift can be seen in EV size over 

time. Early EV models were often small and atypical (e.g. the Buddy or the EV1; see also Burgess, 

King, Harris, & Lewis, 2013), but recent EV models include various SUVs (see Figure 10), as a shift 

towards luxury vehicles has taken place, including sports cars and SUVs as large as the Hummer 

(Lambert, 2020). 
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 Figure 10: Kewet Eljet (Buddy; left) & Rivian R1T. Source: Abrahamsen, 2006; Tirman, 2020. 

 

This shift is also visible in the data. In 2011, most EVs sold in Europe were A-segment vehicles (i-

Miev, iOn, C-zero, Fortwo ED, see Figure A1 in the appendix). Mini, small, and compact vehicles 

still make up 40% of the market share in Norway (Figenbaum & Nordbakke, 2019), but a large part of 

the Norwegian and European markets have conformed to ‘normal’, family-sized cars: the B, C, and D 

segments (see Figure A1 for Europe; Figenbaum & Nordbakke, 2019 for Norway). As of 2020, the 

European EV segment is dominated by B and C segment cars, similarly to the gasoline-powered 

market (see Figure 11). 

In the Norwegian context, 19% of the total market share consists of large and luxury vehicles 

(Figenbaum & Nordbakke, 2019). In Europe, it is expected that there will be a slight shift away from 

the B segment in the near future, with increases in the A and D segments (see Figure 11). EVs show 

an interesting duality as they cover both gasoline-dominated segments (A and B) and traditional diesel 

segments (C, D, and E). It is expected that the EV market will fluctuate slightly over time but solidify 

as a technology that covers all market segments. It is unclear whether EVs will disrupt the market in 

terms of these segments in the longer term, but it seems that EVs will shift consumers away from the 

B and C segments, towards the A and D segments (see Figure 11). 
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Figure 11: Vehicle production in Europe by segment (A-E segment) for EVs, PHEVs, diesel, and gasoline 

vehicles in the period 2019-2025. Note that A is the smallest segment and E is the largest; the C-segment 

includes the Volkswagen (e-)Golf. Source: Transport & Environment, 2019. 

 

Next to changes in vehicle design and size, EVs bring a more obvious change, namely in the range 

that a vehicle can travel on a single fuel tank or charge. ICEVs pose a baseline with a range of around 

600 kilometers and a refill time of a few minutes. Even though EV batteries are still much more costly 

and less energy-dense, range has increased substantially since General Motors launched the first 

mass-produced EV in 1996, which had only 89 or 169 km of range depending on the version (U.S. 

Department of Energy, n.d. a, b). In contrast, the best-selling car in Europe in the first half of 2020 so 

far has a range (WLTP) of 390 km, while the second- and third best-selling vehicles have 560 and 230 

km of range, respectively (Automotive News Europe, 2020). Although data availability is limited, 

average EV range is increasing (Newmotion, n.d.). These range increases have been facilitated by 

battery price declines, as the price per kWh reduced from $1100 in 2010 to $156 in 2019 (IEA, 2020); 

each kWh translates to roughly six kilometers of driving range. The range increase is also reflected in 

individual models such as the Nissan Leaf, the best-selling EV until 2019, which went from 24 kWh 

in 2010 to 30 kWh in 2016 to 40 kWh in 2019. An extra range version was also launched in 2019 with 

a 56-kWh battery pack. Overall, this has increased its range from 120-175 km to 270-385 km (EV 

database NL, 2021). Such a shift is also observed at the upper level as the 2008 Tesla roadster had 53 

kWh of battery capacity, while the 2021 generation is argued to have 200 kWh of battery capacity, 

although it is disputed whether this will be achieved (Randall & Lippert, 2018). 
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Beyond individual models, a few agencies have calculated the ‘average’ range of newly sold vehicles, 

despite the lack of a methodological standard. In Canada, it is found that EV range has nearly doubled 

in the period 2013-2019 (Canada Energy Regulator, 2019). The U.S. reports a 71% growth for the 

median in 2011-2018, with the mean increasing by 117%6 (U.S. Department of Energy, 2019). For 

Europe, Transport & Environment (2019) estimated 50 kWh to be the average capacity in 2020, with 

an expected increase to 60 kWh in 2025. The International Energy Agency (IEA, 2020) estimates EV 

range (worldwide) to increase to 70-80 kWh/350-400 km by 2030 (compare Figenbaum, 2018). 

Overall, all signs indicate increases in the average EV range, but the rollout of fast-charging 

infrastructure could interfere with this trend, as one might expect that very fast charging would reduce 

the need for large batteries (Botsford & Szczepanek, 2009: 6). However, the maximum charging 

speed of batteries depends on the capacity, so that halving the capacity will also halve the maximum 

fast charging speed (Nicholas & Hall, 2018). Improved battery cooling and chemistry are required to 

increase or remove this maximum charging speed. Until that point, fast charging is not a substitute for 

battery packs (Nicholas & Hall, 2018). Batteries also degrade more rapidly when charged (very) fast 

(Sebastian et al., 2020), making for a complex trade-off between saving on battery expenditure on the 

one hand and reducing battery degradation on the other. Infrastructure and battery developments add 

complexity to the conclusion that the average EV range will increase. In any case, EVs make range 

less trivial than for ICEVs, which can be recharged in minutes. 

 

4.3 Infrastructure and auto space 
In this section, infrastructure and auto space are considered. Charging locations deserve special 

attention due to their obvious difference, while the second part of this section covers ‘the structure of 

auto space’. 

The spatial layout of EV charging infrastructure is different from the ICEV status quo, for which a 

network of fuel stations is in place in urban environments and along roads, consisting of 

approximately one fuel station per 2000 cars in the Dutch context (Tankpro, 2018), a number that is 

similar in the US, given its 115.000 fuel stations that supply fuel to 276 million vehicles of which 194 

million are ‘light duty’ (24/7 Wall St., 2020; Bureau of Transportation Statistics, 2021). EVs require 

far more charging infrastructure, which is characterized by the Dutch government’s aim to reach 1.7 

million installed charging points in 2030 to service 1.9 million vehicles (Ministry of Economic Affairs 

and Climate Policy, 2019). This results in profound spatial changes. While ICEV refueling 

infrastructure is centralized to provide fuel to thousands of vehicles to be profitable, EV charging 

infrastructure is naturally more decentralized. EV drivers who own a parking spot can charge at home 

or work while those who use shared parking spaces can make use of a dispersed charging 

infrastructure. Much of this infrastructure is installed in existing public spaces, which is an intricate 

process (Cass, Schwanen, & Shove, 2018). 

Initially, many single charging points were installed, but the increased market share of EVs 

legitimizes the construction of multipoint charging stations, i.e. multiple stations connected to a single 

power supply (NKL, 2019). Such multipoint charging stations are spatially efficient, extra visible, 

scalable, and quicker and cheaper to construct. They also reduce the risk of being fully occupied and 

facilitate groups of vehicles and shared mobility hubs (NKL, 2019). However, they do increase 

walking distance, and it is possible that charging speeds decline if all charging points are occupied 

(NKL, 2019). 

There are also differences between slow and fast-charging stations. Even though fast-charging can be 

a reasonable alternative if at-home charging is not available (Gnann, Plötz, & Wietschel, 2019), it is 

 
6 Note that these are not sales-weighted, but the simple mean/average of new models from that year. 
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most likely that slow charging at home or work will remain the majority of infrastructural demand, 

which makes the fast-charging business case questionable (Botsford & Szczepanek, 2009; Bunce, 

Harris, & Burgess, 2014; Wolbertus & van den Hoed, 2019; de Rubens et al., 2020). Based on a 

review, Nicholas & Hall (2018) estimate that about one direct current (DC) fast charger per 200-700 

vehicles is required. Empirically, fast-charging stations comprise only a fraction of the Dutch public 

infrastructure, fluctuating without a clear trend between 2.1% and 3.0% since 2015 (RVO, 2020). 

Note that, if the Netherlands achieves its 1.9 million vehicles and 1.7 million chargers, one DC fast 

charger per 200-700 vehicles will result in about 0.16-0.56% of charging stations being ‘fast’. Fast-

charging stations are placed mostly along highways, which is in stark contrast to slow charging 

stations (see Figure 12). While most existing stations are 50 kilowatts (kW), the charging speed is 

increasing, with the recent introduction of 250 kW fast charging (Hawkins, 2020) and the envisioned 

future standard for fast charging being 350 kW (Rubino, Capasso, & Veneri, 2017). Multiplying the 

number of kW by six gives an indication of the kilometers that can be driven per hour of fast 

charging: 350 kW means that (approximately) less than three minutes of charging are required per 100 

kilometers of driving. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: fast chargers (top) east of the Dutch Capital and slow charging stations (bottom) in Almere (left) and 

Lelystad (right). Red: occupied at time of snapshot. Green: not occupied at time of snapshot. Blue: charging 

points owned by business users. Source: oplaadpalen.nl, 2020. 
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Concerning ‘the structure of auto space’, very little literature was obtained, perhaps because EVs are 

very similar to or the same as ICEVs in terms of their spatial characteristics. Most of the research that 

discusses the elements of auto space focuses on the lack of change therein. EVs keep in place 

processes of suburbanization (Sovacool & Axsen, 2018) and cause just as much congestion as ICEVs 

(Jochem, Doll, & Fichtner, 2016). While EVs make automobility ‘cleaner’, they do very little in terms 

of ‘capacity’ (RLI, 2018). No evidence that discusses whether EVs affect drive-ins, shopping strips, 

malls, and highway locations was obtained from the review. Minor changes may come about in 

relation to ‘stopping locations’, as EV users might have to stop for charging more often, increasing 

demand for all sorts of roadside services (from hotels and motels to food provision). Changes in 

industry structures can also change the geography of systems of provision. However, these impacts 

are probably small, thereby keeping the structure of auto space in place. If EVs change automobility 

quantitatively, this might have a more profound impact on the structure of auto space. 

 

4.4 Culture 
Culture is of great importance to the stability of automobility (Urry, 2004) and the diffusion of EVs 

(Moons & de Pelsmacker, 2012; Noppers et al. 2015). Automobility culture is a patchwork of 

multiple cultural frames, i.e. polysemiotic (Sovacool & Axsen, 2018). There is also a plethora of EV 

models available so that different designs are expected to have different socio-psychological 

connotations (Schuitema, Anable, Skippon, & Kinnear, 2013). As the EV transition is still going on, 

its cultural elements are heavily in flux and EVs have ‘interpretive flexibility’ (Pinch & Bijker, 1984; 

Ingeborgrud & Ryghaug, 2017). In the next sections, research on EV culture is outlined in terms of 

comfort and the driving experience, gender, status and fun, environmental values, innovative and 

technological values, and freedom. 

4.4.1 Comfort and the driving experience 
Comfort is one of the most relevant criteria for vehicle purchase in general (van Bree, Kramer, & 

Verbong, 2010). This comfort goes beyond heated leather chairs: it relates to a wide range of sensory 

experiences, from thermal comfort to relaxation and from effortlessness to feeling ‘on the move’ 

(Kent, 2015), so that the experience of driving will also be discussed here. 

A substantial part of the EV literature finds that EVs are valued for their ‘smooth ride’, comfort, and 

lack of noise (Anfinsen, Lagesen, & Ryghaug, 2019; Graham-Rowe et al., 2012; Ryghaug & 

Toftaker, 2014; Pierre, Jemelin, & Louvet, 2011; Pierre & Fulda, 2015; Labaye et al., 2017; 

Langbroek et al., 2019; Skippon & Garwood, 2011; Hjortol, 2013; Rolim, Gonçalves, Farias, & 

Rodrigues, 2012; Burgess et al., 2013). Interestingly, the lack of noise was also appreciated around 

1900 (Ivory & Genus, 2010). Rolim et al. (2012) report that 77% of trial users mention comfort 

among the main advantages of EVs; some drivers even find it more important than the financial 

aspect (Pierre, Jemelin, & Louvet, 2011). Familiarity is also found to increase comfort over time 

(Bunce, Harris, & Burgess, 2014). Related to EV comfort is the ease of use, as EVs can be charged at 

home (Bunce, Harris, & Burgess, 2014; Ingeborgrud & Ryghaug, 2017; Rolim et al., 2012), EVs are 

automatic (Langbroek et al., 2019) and they are low maintenance (Ryghaug & Toftaker, 2014). 

Other (mostly early) studies report that EVs are considered less comfortable (Graham-Rowe et al., 

2012; Skippon & Garwood, 2011; Egbue & Long, 2012). A respondent in Graham-Rowe et al. (2012: 

145) elaborates upon this by arguing that EVs give little comfort for their cost: “You always want 

your next car ... to be better than your last. So it’s almost like a back-step to driving something which 

just doesn’t feel quite as safe and powerful and comfortable as what I’ve got at the moment.” Friis 

(2020: 6) reports a lack of thermal comfort in the Danish context, with respondents reporting that they 

“have been freezing crazy much. […] Oh no, the EV is no alternative for us.” Quantitatively, 

however, such perspectives form the exception. Figenbaum & Kolbenstvedt (2016) find that 69% of 
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EV users find EV comfort a (big) advantage, compared to 18% of ICEV users; 6% of EV users find it 

a (big) disadvantage, compared to 19% of ICEV users (compare Egbue & Long, 2012). There is also 

an increasing trend in the appreciation of EV comfort, vehicle size, and acceleration among ICEV 

users (Figenbaum & Nordbakke, 2019), which could be caused by increasing familiarity (Ryghaug & 

Toftaker, 2014). 

4.4.2 Status and fun 
In addition to comfort and the driving experience, status and fun have been important to automobility 

since the beginning (Hoogma, Kemp, Schot, & Truffer, 2002; Ivory & Genus, 2010). Status and fun 

are so important that Steg (2005) finds that these symbolic, and affective aspects of cars are some of 

the most relevant reasons to drive. Vehicles were, at least before the digital revolution, the most 

important consumer good after housing (Urry, 2004) and are mobile, so that they can be taken 

anywhere to show off (Hiscock, Macintyre, Kearns, & Ellaway, 2002). The question is whether this 

changes during the transition towards EVs. 

Early on, EVs had a hard time diffusing because they were considered distasteful, odd, less stylish, or 

even ugly (Noel et al., 2019b; Graham-Rowe et al., 2012; Burgess et al., 2013; Egbue & Long, 2012). 

Note that the lack of noise of EVs is historically considered appropriate for the elderly (Ivory & 

Genus, 2010). Some argue that they did ‘not provide adequate signals of status’ because they were too 

small (Skippon & Garwood, 2011: 530) or have ‘no soul’ (Graham-Rowe et al., 2012: 148). Very 

small EVs such as the Kewet Eljet (that was shown in Figure 10) are avoided by the masses because 

they make one look “eighty years old” or because they “look like a fucking dustbin” (Noel et al., 

2019b: 198). In the UK, EVs were initially associated with slow-accelerating milk delivery vehicles, 

which shows the contextuality of the cultural connotations of EVs (Burgess et al., 2013). Status is not 

only related to visual appeal but also performance. In one trial, a respondent argues that the EV does 

not fit their image as the trial EV lacks “that sense of fun” and is (therefore) suitable for “quite a dull 

person” (Graham-Rowe et al., 2012). As one respondent in Noel et al. (2019b: 162) puts it, driving an 

EV is “like eating food without taste”. There also seems to be resistance from men who link the 

internal combustion engine to masculinity (Burgess et al., 2013). Less critical accounts of EVs also 

exist (Burgess et al., 2013; Anfinsen, Lagesen, & Ryghaug, 2019). 

However, not all models are considered dull and low status. In fact, buying a Tesla is seen as ‘getting 

a sports car at half price’ in Norway (Noel et al., 2019b), which is a “luxury image” (p164) and are 

said to have sex appeal (“Tesla succeeded, because it appeals to his dick. Boom.” (p163)). High-status 

cars increase male attractiveness (Dunn & Searle, 2010). Overall, EV design and image are 

considered positive among EV users and negative among ICEV users, as 45% of Norwegian EV 

drivers consider it favorably compared to 15% of ICEV drivers while 9% and 26% (respectively) 

consider it negatively (Figenbaum & Kolbenstvedt, 2016). However, there seems to be an upward 

trend in EV design and image among ICEV users, with only 7% reporting it as a large disadvantage in 

2018, relative to 12% in 2016 (Figenbaum & Nordbakke, 2019).  

While EVs thus provides mixed signals with regards to status, their ease of handling and rapid 

acceleration are often reported to make for a fun driving experience (Haugneland & Kvisle, 2015; 

Hjortol, 2013; Ryghaug & Toftaker, 2014; Ingeborgrud & Ryghaug, 2017; Kester et al., 2020). More 

experienced EV users are found to perceive EVs as relatively more fun to drive (Woodjack et al., 

2012; Jensen, Cherchi, & Ortúzar, 2014; Schmalfuß, Mühl, & Krems, 2017), as regenerative braking 

is considered ‘game-like’ (Labaye, Hugot, Brusque, & Regan, 2017). Ingeborgrud & Ryghaug (2017) 

report that Teslas even make driving fun for those who did not previously enjoy driving. The benefits 

of EVs in terms of acceleration are even understood by Norwegian ICEV drivers, of which only 8% 

list it as a disadvantage by 8% in contrast to 36% who list it as an advantage, which is 4% and 68% 

for EV drivers, respectively (Figenbaum & Kolbenstvedt, 2016; Figenbaum & Nordbakke, 2019). 
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4.4.3 Gender 
Automobility has always been a highly gendered construct. Around the 1900s, cars were considered 

masculine and associated with racing, touring, and noise (Walsh, 2011: 57). Since approximately the 

1950s, automobility is also associated with women through its link to family life and escorting 

children (Walsh, 2011: 60). However, it took until the 1980s and 1990s for women to be considered 

able to discuss, choose, and pay for the vehicles (Walsh, 2011: 64-65). Substantial discrepancies 

between men and women remain, for example, when a heterosexual couple shares a single car (e.g. 

Dobbs, 2005; Solá, 2016). Indeed, women have less access to automobiles, often have part-time and 

lower-paid jobs, and frequently have to juggle work, household chores, and taking care of children 

including chauffeuring them around (Dobbs, 2005: 273; Schwanen, 2011). Automobility is thus a 

gendered concept behaviorally and symbolically. 

Historically, EVs and ICEVs have been gendered relative to each other since the late 19 th century. 

Scharff (1992) points out that around the year 1900, EVs were already marketed to women, as EVs 

were easier to handle and did not produce noise, smell, or vibration. Petrol cars were considered more 

suitable to men because they could show that they were in control of the vehicle and repair it if broke 

down in the middle of nowhere (O’Connell, 1998: 47-8, in Ivory & Genus, 2010). Ivory & Genus 

(2010) argue that the ‘bullish, upper-class masculinity’ associated with petrol cars among Edwardian 

racers and tourers resulted in the demise of EVs in the early 20th century (p1118-9). 

In contrast, many contemporary studies find that the majority of EV buyers is male7 (Figenbaum & 

Kolbenstvedt, 2013; Axsen, Goldberg, & Bailey, 2016; Plötz, Schneider, Globisch, & Dütschke, 

2014; Hardman, Shui, & Steinberger-Wilckens, 2016; Vassileva & Campillo, 2017) and that men are 

more familiar with EVs than women are (Egbue & Long, 2012; Sovacool, Kester, Noel, & de Rubens, 

2018). In one study, respondents argue that men value acceleration, design, range, reliability, and 

speed significantly more, and men are said to “(stereotypically) want a big car” or want “big cars 

that make a lot of noise, go really fast and are super nice and comfy” (Sovacool et al., 2019a: 196). 

This way, some link the techy or gadget-nature of EVs and their buyers to masculinity, as males are 

also argued to be more knowledgeable of the specs of EVs (Anfinsen, Lagesen, & Ryghaug, 2019). 

On the other hand, women are argued to value safety, ease of operation, environmental impact, 

operational cost, and price more (Sovacool et al., 2019a). As women are perceived to be more 

environmentally conscious and green products are linked to femininity (Brough, Wilkie, Ma, Isaac, & 

Gal, 2016; Vassileva & Campillo, 2017), EVs are considered feminine by some but not by all 

respondents in a Norwegian study (Anfinsen, Lagesen, & Ryghaug, 2019). However, women are less 

interested in EVs, despite emphasizing EV range less and environmental attributes more (Sovacool et 

al., 2018a). 

Importantly, EVs cover a wide range of models, starting with tiny EVs such as the Kewet Eljet (also 

called ‘buddy’), which a Norwegian owner calls ‘Barbie’ (Gjøen & Hård, 2002), going all the way to 

a range of electric SUVs (as was shown in Figure 10). SUVs are a type of vehicle that is originally 

linked to the masculine “re-militarization” of the USA (Campbell, 2005; Sovacool & Axsen, 2018: 

735), even though it later became the dominant vehicle in the USA, outselling sedans two-to-one 

(New York Times, 2020). The perspective on gender does not only depend on the propulsion 

technology but also the size and price. For example, a respondent in Anfinsen, Lagesen, & Ryghaug 

(2019) perceives Norwegian EVs as ‘wife cars’ because they are smaller and less costly. Larger EVs, 

such as Teslas, are contested for being both ‘power cars’ and a ‘housewives’ car’ (Sovacool et al., 

2019a). 

 
7 It is important to note that the majority of cars bought in certain contexts is bought by males. In the 

Netherlands, for example, two-thirds of cars were registered in the name of a male (CBS, 2013). 
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In combination, even though most EV owners are male, EVs are viewed as both feminine and 

masculine vehicles, each for different reasons. In contrast to Kester et al. (2020: 9), the studies 

reviewed here do not show that “EVs are challenging norms about masculinity and femininity around 

cars”. Rather, it seems that existing notions of gender are projected upon EVs. What adds to the fuzzy 

conclusion is that there is a wide range of EV models, which all have different connotations. 

4.4.4 Environmental values 
Cars are not only associated with gender but also express certain positive or negative values. This 

includes environmental, innovative, and technological values. While automobility is normally 

associated with environmental harm, EVs present a shift towards oil-independence and environmental 

stewardship (Sovacool & Axsen, 2018; Pierre & Fulda, 2015). Such frames have been observed for 

HEVs in the past (Heffner, Kurani, & Turrentine, 2007), but they are potentially more pronounced for 

EVs. Note that there is a methodological issue in studies on this topic as some respondents might 

overstate the importance of environmental factors to please the interviewer (Ingeborgrud & Ryghaug, 

2019). 

Several studies stress the importance of environmental factors for EV adoption. One study reports 

‘environmental’ as the most frequent reason to purchase an EV, although ‘economic’ is the most 

important reason for more participants (Rolim et al., 2012). Those who consider themselves ‘pro-

environmental’ rate the hedonic, symbolic, and instrumental aspects of BEVs higher than those who 

do not (Schuitema et al., 2013), although it is unclear whether the former causes the latter. White & 

Sintov (2017: 109) find that environmentalism is a stronger predictor for EV purchase intentions than 

demographic and instrumental factors (compare Jensen, Cherchi, & Mabit, 2013). EV drivers report 

having a better conscience and feel like they are polluting less (Ingeborgrud & Ryghaug, 2017; 

Santarius & Soland, 2018; Langbroek et al., 2019). In some cases, EV ownership is considered a form 

of collective climate action. Ingeborgrud & Ryghaug (2017) illustrate this point using a Norwegian 

Nissan Leaf driver, who reports waving at other Leaf drivers. EV drivers are also perceived as 

environmentally conscious, or even eco-warriors (Burgess et al., 2013: 39). 

Other studies find that environmental factors are relatively unimportant for EV adoption (Graham-

Rowe et al., 2012). Ryghaug & Toftaker (2014) find that several Norwegian EV users consider the 

environmental aspects a ‘bonus’, in contrast to the economic and technological aspects of EVs which 

they consider the most important. Noppers et al. (2015) find that early EV adoption is not caused by 

environmental factors, as symbolic and instrumental attributes are better predictors for EV interest 

and purchase intention. There is substantial heterogeneity in the importance of environmental 

attributes for EV users, as shown by Pierre & Fulda (2015). While one user tries to “live according to 

his beliefs” (p911), others are more interested in the financial and social aspects. Noel et al. (2019b) 

argue that environmental frames become less important going forward as later adopters might be less 

environmentally concerned or even resist EVs (Noel et al., 2019b). Even if EVs are not necessarily 

adopted for environmental reasons, the frame of automobiles as environmentally destructive will 

likely be weakened or broken, as will the link between automobility and noise, smell, petrol, and 

racing (see Kester, Sovacool, & Heida, 2019). 

4.4.5 Innovative and technological values 
Next to environmental frames, innovative and technological frames are important to automobility, 

being linked to the expansion of automobility in the 20th century. Automobility is referred to as “the 

embodiment of progress” (Böhm, Jones, Land, & Paterson, 2006: 6) and the quintessential 

manufactured object of the modern age (Urry, 2004, see also Kester et al., 2020). The question is thus 

not only whether EVs will be considered as innovative and technological during the transition but also 

whether such frames will remain after the normalization of the technology. 
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At present, several studies report an implicit, positive feeling attached to driving EVs, in part related 

to the curiosity and enthusiasm they receive with this ‘exciting technology’ (Ingeborgrud & Ryghaug, 

2017). Driving EVs is often reported as ‘driving the future’ or even ‘driving a spacecraft’ (Ryghaug & 

Toftaker, 2014; compare Egbue & Long, 2012; Sovacool & Axsen, 2018). These observations are 

gendered as these ‘new gadgets’ are argued to fire “men up more than [women] in a stereotypical 

sense.” (Anfinsen, Lagesen, & Ryghaug, 2019: 43). EVs are often part of a package of gadgets, as EV 

users are far more likely to have solar panels installed and purchase renewable electricity (see Axsen, 

Goldberg, & Bailey, 2016). 

Interestingly, many EV users consider themselves futuristic and ‘e-motorists’ rather than ‘motorists’ 

(Ryghaug & Toftaker, 2014; Anfinsen, Lagesen, & Ryghaug, 2019). ICEV drivers, in contrast, show 

mixed frames (Figenbaum & Kolbenstvedt, 2016; Burgess et al., 2013) as some view EV users 

positively and others negatively or neutrally (Burgess et al., 2013). Positive frames include ethical, 

caring, forward-thinking, and tech-savvy, which results in positive reactions regarding this exciting, 

future-representing technology (Burgess et al., 2013). On the other hand, negative frames include 

hypocrites, tree-huggers, ‘techno-geeks’, or dull and with few needs, which results in being the target 

of jokes or hearing that EVs perform underwhelmingly (Burgess et al., 2013). 

More recently, the ‘innovativeness’ of EVs in general and Teslas specifically is dying down in the 

Norwegian context, as there is by now “a Tesla on every corner” in Oslo (Noel et al., 2019b: 165) and 

the demographics of new EV buyers are now similar to the average car owner (Figenbaum & 

Nordbakke, 2019). The Norwegian context shows that technological values and innovative frames 

may be important during the transition but fade when EVs become the norm, at least to an extent. 

4.4.6 Freedom 
The final cultural aspect concerning EVs is freedom. Automobility has been linked to freedom and 

autonomy since the beginning (Ivory & Genus, 2010). ICEVs were considered the freest types of cars 

early on, as the limited range of EVs limited feelings of freedom (Ivory & Genus, 2010; compare 

Golob & Gould, 1998). 

Today, limitations in freedom are reported by several studies as important barriers to purchasing an 

EV. Rolim et al. (2012, 2014) report that autonomy is the most important barrier to purchasing an EV. 

In terms of limitations in freedom, it is the perception that matters (Noel, de Rubens, Sovacool, & 

Kester, 2019a). This perception is illustrated by an Icelandic respondent in Sovacool, Kester, Noel, & 

de Rubens (2019b: 178), who states that people want to be able to drive up the glacier at any moment, 

even though they just end up driving to the bakery store. Another respondent in Graham-Rowe et al. 

(2012: 146) illustrates these freedom limitations in the following way: 

“Part of what puts me off in terms of the whole kind of driving experience and the freedom of driving 

and the spirit of ‘out in the open road’, is that you can have the open road but with a pure electric 

vehicle, then you have to plug it in for a few hours. You are forced to stop and it takes away an 

element of that freedom of driving [...] You lose the driving experience and the ethos of driving, just 

being able to jump in and drive.” 

Even though EVs seem to limit freedom, several authors find that EV driving experience (partially) 

erases these feelings of limitations on freedom (e.g. Burgess et al., 2013; Schmalfuß, Mühl, & Krems, 

2017; Sopjani, Stier, Hesselgren, & Ritzen, 2020). Noel et al. (2019) argue that range anxiety goes 

beyond technical and psychological issues to constitute a reactionary rhetoric, a way of rejecting this 

new technology using arguments to cover up deeper identity issues. This way, they argue that 

‘solving’ range anxiety using e.g. fast-charging infrastructure shifts the reactionary rhetoric to other 

issues, such as charge anxiety (having to wait for a long time to charge (p103-4)) or battery fire 

hazard. For this reason, they argue that EV policy should focus on other issues, such as the price of 

driving, to avoid moving from one rhetorical issue to another. 
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Freedom is a concept open to multiple forms of interpretation. Several studies report that other 

sources of ‘freedom’ are found when adopting (H)EVs, such as the freedom from tyrannical oil 

companies, maintenance, and toll charges (Heffner et al., 2007; Gjøen & Hård, 2002; Ryghaug & 

Toftaker, 2014). Two studies report that the pleasure of driving and the reduced pollution associated 

with EVs ‘replace’ associations of freedom (Ryghaug & Toftaker, 2014; Pierre & Fulda, 2015). 

As shown in section 4.1, EV range has increased over time. This section allows for making sense of 

these increases not only as useful range, but also for the perception of freedom. Kester et al. (2020) 

conclude that notions of freedom are reinforced by EVs, based on some of the points above and on 

EV marketing. However, I conclude that freedom is significantly disrupted given the inherent range 

limitations of EVs and the shifting notions of freedom, moving from the ‘freedom of the open road’ 

(Wells & Xenias, 2015) to the freedom from oil, maintenance, and toll charges. 

 

4.5 User practices 
In this final section, user practices will be discussed from a qualitative perspective, as quantitative 

changes in user behavior will be discussed in chapter 5. 

Automobility practices form a web “with other daily practices, such as working, social care, leisure 

activities, food-provisioning” (Friis, 2020: 6). This way, many car drivers have daily agendas that 

cannot be sustained by public transportation or slow modes for temporal, spatial, or physical reasons. 

Such ‘extrinsic reasons to drive’ are essential in sustaining automobility practices together with 

intrinsic reasons to drive, such as freedom, comfort, and safety (Friis, 2020; van Waas, 2018). This 

chapter will discuss both flexibility and charging behavior. 

An important merit in automobility is the flexibility that it provides (van Waas, 2018). Friis (2020: 6-

7) shows how EVs are not considered flexible enough, illustrated by a participant with insufficient 

range to pick up her ‘old mother’. 

“The flexibility disappears. Although I have a very structured day, it's simply too annoying to be tied 

up [dependent on the EV].” 

Respondents in Egbue & Long (2012) echo this lack of flexibility by pointing out the impracticalities 

of limited range: EVs require flexibility rather than provide it. The need for flexibility manifests itself 

as behavioral adaptations that take time, which will be discussed in section 5.1. 

The user practice that changes most obviously when shifting from an ICEV to an EV is refueling. Few 

EV users are concerned with the time it takes to charge an EV, even though charging time is a barrier 

to those who have never experienced EVs (Franke & Krems, 2013; Bunce, Harris, & Burgess, 2014). 

Charging at home is considered more practical than petrol stations by most but not all users (e.g. 

Graham-Rowe et al., 2012; Franke & Krems, 2013; Bunce, Harris, & Burgess 2014; Pierre & Fulda, 

2015; Ingeborgrud & Ryghaug, 2017, 2019; Labaye et al., 2017; Figenbaum & Nordbakke, 2019).  

EV users often plug in their car when they return home (Figenbaum & Kolbenstvedt, 2016; Labaye et 

al., 2017). In contrast, Pierre & Fulda (2015) find that EVs are not necessarily charged upon arrival 

but rather when energy is running low. A mix of charging behavior is reported in a British EV trial, 

with about equal reporting of charging at regular intervals, charging when low, and charging 

whenever the opportunity arises (Bunce, Harris, & Burgess, 2013). Notably, heavy users tend to 

charge whenever the opportunity arises. Figenbaum & Kolbenstvedt (2016) show that almost all 

charging in the Norwegian context is done at home or work, with over 60% of respondents using fast 

charging less than once a month or never, and below 10% of respondents using it more than twice a 

month, with similar numbers for public slow charging. However, they do show that the use of public 

charging is increasing over time (compare Rolim et al., 2012, 2014; Labaye et al., 2017). 
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4.6 Conclusion 
The above discussions allow for the answering of the first RQ: 

RQ1.1: To what extent will the electrification of automobility change automobility qualitatively? 

 

The findings are summarized per (sub-)element in Figure 13. First of all, industry structures are 

disrupted substantially, as the oil supply chain is largely replaced by (renewable) electricity. Car 

dealerships and maintenance will face substantial revenue loss and need to change their business 

models. OEMs and their suppliers are disrupted less than other parts of the industry but will still 

require major changes to their businesses. However, the vehicles they produce will change less 

significantly, as rather incremental changes are observed in vehicle design, sizes, and segments. 

Vehicle range scores medium on the scale because increases in vehicle range are unable to remove the 

fact that long-distance EV journeys will require longer waits than ICEVs (unless fast charging 

becomes almost instantaneous). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: the degree of change in the (sub-)elements of automobility when electrifying, where 1 is the most 

regime-fitting and 5 is the most regime-stretching observation; the length of the bar indicates the approximate 

uncertainty. Source: own work. 
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The charging infrastructure will be vastly more decentralized than the petrol infrastructure for 

refueling but the rest of the structure of auto space is hardly affected. EV culture is ambivalent and in-

flux (Dijk, Wells, & Kemp, 2016) and has not reached ‘closure’ yet (Pinch & Bijker, 1984). It seems 

that the turn from undesirable EVs to EVs that allude to the same frames as ICEVs (such as high-

status Teslas) was important for the transition which means that EVs change culture incrementally. 

Finally, user practices are also substantially disrupted due to the lower flexibility and different 

refueling habits relative to ICEVs. Both freedom and flexibility in user practices are increased with 

the increase in EV range, which shows how technological solutions are used to limit the amount of 

stretch-and-transform for the user. Based on this, the hybrid pattern (Mylan et al., 2019) is confirmed 

as some aspects of automobility are subject to profound changes while others stay roughly the same. 

To see the ‘scale’ of Figure 13, compare the disruption in the structure of auto space to the disruption 

in the energy supply chain. 

These findings allow for reflection on Geels & Schot’s (2007) transition pathways. Based on the 

findings above, it seems that their reconfiguration pathway is the best description for EVs, at least if 

one argues that the electric drivetrain is a component-innovation. New suppliers (batteries, electric 

drivetrains, and electricity) compete with those in the ICEV-related supply chain (oil and combustion 

engines), while many OEMs are moving into EVs to preserve their foothold in the automobility 

regime. The EV transition is a transition of preserving the automobility regime under climate-change-

related pressure from the outside. 

The reconfiguration pathway is more fitting than the transformation pathway because the prior 

triggers “substantial changes in the regime’s basic architecture” (Geels & Schot, 2007: 411), which 

was shown above to be the case. The reconfiguration pathway is also more fitting than the 

technological substitution or de-alignment and re-alignment pathway because the regime actors are 

adopting the niche technology rather than sticking to ICEVs. Consider Volkswagen, for example, 

which is going all-electric by 2026 (Industry Europe, 2019). If anything, Geels & Schot’s (2007) 

transition pathways are unable to account for a transition in which regime actors are forced to make 

the transition through policy (e.g. emission norms), a form of a ‘policy-driven reconfiguration 

pathway’. This policy-driven aspect is perhaps not visible in historical transitions but is clearly 

present in several contemporary transitions, ranging from the EV transition to the energy transition 

(Matthes, 2017; Lee, Glick, & Lee, 2020). 

These findings also allow for scrutinizing statements by previous authors. Dijk, Orsato, & Kemp 

(2013: 143) state that “alternative fuel vehicles are simply another car in a sustained social context, 

much like a technical substitution process” which is partially true, yet it is a performative argument 

that does not do justice the potential disruption that EVs might bring (compare Ortar & Ryghaug, 

2019). Augenstein’s statement (2015a: 108) “the transformative capacity of the BEV is high” is only 

valid in relation to her topic of study, industry structures, as she considers changing forms of 

cooperation, new industry players, and institutional readjustments. However, one could also argue that 

it is hardly transformative, as it is likely that most regime players remain in place. The disruptive 

potential of transitions should be considered an RQ that deserves to be a topic of study in its own 

right; this chapter only provided one perspective with its own conclusions, while other theoretical 

lenses provide different conclusions.  
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5. Results: quantitative changes in automobility 
In this chapter, RQ1.2 will be answered: 

RQ1.2: To what extent will the electrification of automobility change automobility quantitatively? 

 

There are two central arguments regarding the effect of electrification on the amount of automobility 

(Langbroek, Franklin, & Susilo, 2018): on the one hand, the limited range and environmental 

characteristics of EVs can lead to reduced driving. On the other hand, both an economic and 

environmental rebound effect can be expected if driving EVs is cheaper and clears the environmental 

conscience. The findings for each of these arguments will be discussed in sections 5.1 and 5.2, 

respectively. 

 

5.1 The evidence for reduced automobility 
The literature on EV user behavior discusses a range of reasons why EV adoption could result in less 

driving or more environmentally benign driving. These will be discussed in sections ordered by the 

explanation for the reduction. The first part discusses how the limited range of EVs necessitates 

behavioral change. The second part discusses how EV users might change their driving style. The 

third part discusses papers that report increased energy awareness after adopting an EV. In the fourth 

part, papers that find a quantitative reduction in total driving or car ownership will be discussed. 

In case an EV has insufficient range (or is perceived as such), several behavioral alternations can be 

made. Drivers can reduce their energy consumption, they can adapt the trip in various ways, or they 

can abort it altogether (Langbroek, Franklin & Susilo, 2018; Tamor & Milačić, 2015; Figenbaum & 

Kolbenstvedt, 2016). First of all, several researchers find that users try to maximize their EV range 

during their trip. Several EV users are found to turn off the air conditioning or heater (Woodjack et 

al., 2012) or use blankets, thermoses, and winter coats to stay warm, preserve EV range, and save 

energy (Anfinsen, Lagesen, & Ryghaug, 2019). Others drive more slowly to preserve range 

(Woodjack et al., 2012), or even report hypermiling behavior, not only for EVs but also for PHEVs 

(Graham-Rowe et al., 2012; Woodjack et al., 2012). 

Some EV drivers (also) adapt their trips to limited range. Some drop ‘needless trips’, mostly related to 

shopping, leisure, or visits (Langbroek, Franklin, & Susilo, 2018; Knie et al., 1997, in Gjøen & Hård, 

2002) while others seek destinations closer-by (Woodjack et al., 2012; Langbroek, Franklin, & Susilo, 

2017). Rolim, Baptista, Farias, & Rodrigues (2014) find that 23% of Portuguese EV users indicate 

that they have changed their travel route at least once. Other studies report carpooling, a shift from the 

car to other modes (including rental cars), or re-routing and trip chaining (Pierre, Jemelin, & Louvet, 

2011; Langbroek, Franklin, & Susilo, 2018; Labaye et al., 2017; Wang, Makino, Harmandayan, & 

Wu, 2020; Woodjack et al., 2012). 

More rarely, EV users abort trips. Figenbaum & Kolbenstvedt (2016) and Figenbaum & Nordbakke 

(2019) were the only authors that empirically reported (or: investigated) aborted trips. The prior study 

shows that 18/26% of Norwegian EVs have aborted a trip at least once, with the lower number 

referring to EV users that also own an ICEV. The latter study shows that 5-6% have aborted a trip, 

while 21-28% of EV users have avoided a trip; note that the two studies used different methodologies. 

Langbroek, Franklin, & Susilo (2018) report many cases of trip abortion in a stated adaptation survey 

where users are fictively using a low-range EV. Most aborted trips were shopping, visits, leisure, and 

chauffeuring trips, although it is unclear if these respondents are willing to purchase an EV. 
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A single study considers all types of behavioral change simultaneously, based on a questionnaire in 

Norway (Figenbaum & Kolbenstvedt, 2016, see Figure 14). Figure 14 shows that most trip adaptation 

behavior comes in the form of using ICEVs, fast chargers, or eco-driving to avoid adapting the actual 

trip itself. Quite frequently, users do adapt their trip by planning better or preheating their EV. Most 

rarely, vehicles are rented or loaned, trips are aborted, or a modal shift is witnessed. 

 

 

Figure 14: Trip adaptation behavior when EV range is insufficient, split into households that own one or more 

ICEVs and an EV (grey), households that own multiple EVs (orange), and households that only own a single 

EV (blue). Based on a Norwegian survey, n=3111. Source: Figenbaum & Kolbenstvedt, 2016. 
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More environmentally benign driving behavior is even reported in the absence of range insufficiency 

(Franke, Neumann, Bühler, Cocron, & Krems, 2012; Pichelmann, Franke, & Krems, 2013; 

Ingeborgrud & Ryghaug, 2017). Several studies report that EVs are driven more smoothly and less 

aggressively and in a more careful, conscious, and ‘friendly’ way (Gjøen & Hård, 2002; Turrentine, 

Garas, Lentz, & Woodjack, 2011; Pierre, Jemelin, & Louvet, 2011). 17% of Parisian EV trial users 

stated that they adopted a safer driving style, and 89% adapted their driving style to regenerative 

braking (Labaye et al., 2017). In Portugal, 69-73% of EV users in a trial have adapted their driving 

style by reducing their speed (75-78%), driving less aggressively (22-25%), and more efficiently (13-

17%) (Rolim et al., 2012, 2014). In the US, EV drivers are found to identify as eco-drivers more often 

and value energy efficiency more than travel time (Wang et al., 2020). These values translate into 

traveling at significantly lower speeds, using more eco-driving features, and accelerating and braking 

less promptly (Wang et al., 2020). Some EV users consider energy conservation game-like (Pierre & 

Fulda, 2015), which is also observed with PHEV users (Graham-Rowe et al., 2012). 

Adapting one’s driving style takes time and requires substantial attention early on, which fades as 

drivers get the ‘feel’ for it (Anfinsen, Lagesen, & Ryghaug, 2019). In households where EVs are 

shared, gender seems to matter to this EV learning as men are reported to make the majority of long-

distance trips with the household EV; they are said to be ‘more in the feel of things’ concerning 

energy conservation (Anfinsen, Lagesen, & Ryghaug, 2019: 41). Interestingly, this adapted driving 

style persists when EV users drive ICEVs (Ryghaug & Toftaker, 2014). 

In addition to changing their trips and driving behavior, several studies report increased general 

environmental awareness after adopting an EV (Ryghaug & Toftaker, 2014; Pierre & Fulda, 2015). 

This effect seems to be related to EVs taking longer to recharge and seeing electricity ‘being 

consumed’ on the dashboard (Ryghaug & Toftaker, 2014; Pierre & Fulda, 2015). Two Norwegian 

studies find that 58-60% of Norwegian EV drivers claim to have become more environmentally aware 

after acquiring an EV, which is even higher for Tesla drivers at 69% (both Norwegian studies cited in 

Ingeborgrud & Ryghaug, 2017). Other studies report anecdotal evidence of increased environmental 

awareness, such as Ingeborgrud & Ryghaug (2017) and Pierre, Jemelin, & Louvet (2011: 517). Note, 

however, that increased environmental awareness might be imagined or reported to please the 

interviewer (Ingeborgrud & Ryghaug, 2017). 

The above discussion shows that various studies show reduced automobility or more environmentally 

benign driving practices. However, none of these studies show how these effects interact with other 

effects, such as the rebound effect. The review, including that on the rebound effect, reveals only 

three studies that report that EVs are driven less than ICEVs overall (Davis, 2019; Habla, Huwe, & 

Kesternich, 2020; Klöckner, Nayum, & Mehmetoglu, 2013). A first study reports that U.S. EVs are 

driven 6300 miles per year on average, in contrast to 7800 miles per year for PHEVs and 10,200 miles 

per year for ICEVs, which the authors argue is surprising given the high up-front cost and low 

marginal cost (Davis, 2019). A similar study reports that German EVs in multi-car households have a 

lower mean annual mileage than ICEVs but a similar median, which is caused by high-mileage diesel 

cars mainly (Habla, Huwe, & Kesternich, 2020). A third study finds that respondents who only own 

an EV drive less than those who only own an ICEV, which the authors argue stems potentially from 

range issues (Klöckner, Nayum, & Mehmetoglu, 2013). A fourth study explicitly notes that, after 

adopting an EV, “mobility practices are comparable to what prevailed before. Destinations and 

mileage remain relatively constant.” (Pierre & Fulda, 2015: 910). It is not clear, however, what 

‘comparable’ means. 

None of these three studies reports the reasons behind the reduction, so spurious correlations could be 

at work. First of all, Davis (2019) does not consider self-selection, so that it is unclear whether the low 

average is caused by EV adoption or whether car users that drive little are more likely to adopt an EV. 

Secondly, Habla, Huwe, & Kesternich (2020) do not explain why EVs make a lower annual mileage, 
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but it could be caused by selection bias or EVs being additional vehicles more often. Finally, in 

Klöckner, Nayum, & Mehmetoglu (2013), EV owners also show higher car ownership levels than 

ICEV owners, and multi-car EV households drive more than single-car ICEV households. 

Overall, while these study outcomes must not be disregarded, none of these studies sufficiently 

explains the cause for reduced EV usage; increased car ownership may play a role, which could result 

in increased total automobility. Differences in VKT could also be caused by differences between rural 

and urban areas in mileage and EV adoption, by range issues, or by EVs being appropriated for 

specific uses (e.g. commuting only). 

 

5.2 The evidence for increased automobility 
This section will discuss the evidence for increased automobility, in contrast to the previous section. 

Firstly, the psychological rebound effect will be discussed, followed by studies that document 

increased vehicle ownership, a modal shift, and increased driving. 

The first group of studies explicitly discusses the psychological rebound effect; note that this effect 

should be independent of whether it is being studied. Langbroek, Franklin, & Susilo (2017) argue that 

a psychological rebound effect is likely because both EV users and non-users (falsely) perceive EVs 

as more environmentally friendly than PT; the perceived difference is biggest for the bus, but 

respondents also argue that EVs are more sustainable than the train and metro. The psychological 

rebound effect is also observed empirically: EV owners are significantly less likely to have attitudes, 

intentions, and perceived moral obligations to drive less potentially because they feel “they have 

already done their share” (Klöckner, Nayum, & Mehmetoglu, 2013; p37; Seebauer, 2018). EV owners 

still feel that cars are problematic for the environment but not so problematic that their personal norms 

are activated to reduce driving; they also do not report a bad conscience (Klöckner, Nayum, & 

Mehmetoglu, 2013). Having done one’s share has been reported in previous studies, for example with 

recycling (Thøgersen, 1999). Haustein & Jensen (2018) find that 7% of their respondents report 

having increased driving due to environmental reasons or because it is more fun; in contrast, Hasan & 

Simsekoglu (2020) find no statistically significant effect for environmental attitude on VKT. There 

are significant differences between those with stronger and weaker environmental values: those with 

weaker environmental values show a bigger rebound effect than the prior group (Seebauer, 2018). 

It is important to note that the psychological rebound effect does not operate in a vacuum but can be 

induced through marketing. For example, a campaign by the German car rental company Sixt (see 

Figure 15) aims to increase the environmental rebound effect by attracting ‘environmentalist drivers’. 

In this advertisement, cycling is framed as an undesirable mode of transport that is only used because 

environmentalists feel they should. This advertisement either aims to induce a modal shift from more 

sustainable modes of transport to the car, or it seeks to justify sustained or increased car use by current 

Sixt users by arguing that it is just as environmentally friendly as cycling. Either way, it tries to 

induce a psychological rebound effect to attract car-sharing users. 
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Figure 15: ‘To all pioneers, idealists, eco-heroes, and world-savers: you do not have to cycle anymore. (The 

Opel Ampera. Electromobility without compromise – now at Sixt). Source: Copenhagenize, 2012. 

 

Another group of studies finds that more EVs than ICEVs are purchased as additional vehicles 

(vehicles that do not replace an existing vehicle). Five studies were obtained that report quantitative 

findings concerning vehicle ownership, all from the Norwegian context. The oldest study (Halvorsen 

& Frøyen, 2009) shows that 93% of BEV owners own at least another vehicle, mostly due to range 

concerns. In other words, they argue, the government is subsidizing the ownership of multiple 

vehicles. More recent studies show that 20% of EVs are additional vehicles compared to 9% of ICEVs 

(Figenbaum & Nordbakke, 2019). This 20% has come down from 33% in 2014 and 22% in 2016 

(Figenbaum & Kolbenstvedt, 2016). Partially, the difference between EVs and ICEVs could be 

caused by differences in age, with younger car buyers more likely to purchase their first car and more 

likely to buy an EV, so that the total car ownership rebound is estimated at less than 10% (Figenbaum 

& Nordbakke, 2019). About a third of EV users say their EV ‘completely’ replaces the ICEV, while 

57% state it does so to a high degree (Haugneland & Kvisle, 2015). Finally, Bauer (2018) splits 

vehicle additionality out by purchase price and car model, finding that the relatively small and cheap 

models are often additional vehicles, as visualized in Figure 16. Note that all studies are Norwegian so 

that no generalizations beyond this context can be made. 
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Figure 16: the percentage of EVs that do not replace an old vehicle and their log purchase price. Source: Bauer, 

2018. 

 

Before discussing the modal shift to the car and increased driving, it is important to note that those 

who purchase an EV are significantly more likely to change their travel behavior than those who 

purchase an ICEV, regardless of the number of vehicles in the household and of whether a vehicle 

was replaced or not (Figenbaum & Nordbakke; see further Bauer, 2018). Rudolph (2016) points out 

that German bicycle and PT users (31% of the sample) are more interested in EVs and are easily 

persuaded by EV incentives to buy a vehicle, which could lead to a modal shift from the bike and PT 

to EVs. By combining the above findings by Rudolph (2016; PT and bicyclist interest in EV adoption) 

and Langbroek, Franklin, & Susilo (2017; EVs are considered more environmentally friendly than 

PT), it can be hypothesized that EVs lead to a modal shift from PT to the car based on the 

psychological rebound effect. 

The studies that report a modal shift are compiled in Table 5, which shows several interesting 

observations. First of all, only four studies report the difference between those who purchase and EV 

vis-à-vis an ICEV. Of these studies, Figenbaum & Kolbenstvedt (2016) and Figenbaum & Nordbakke 

(2019) show a mixed effect, while Bauer (2018) and Langbroek, Franklin, & Susilo (2017) reports a 

bigger modal shift for those who purchased an EV. Many other studies (Halvorsen & Frøyen, 2009; 

Rødseth, 2009; Figenbaum & Kolbenstvedt, 2013; Haugneland & Kvisle, 2015; Labaye et al., 2017; 

Langbroek, Franklin, & Susilo, 2018; Haustein & Jensen, 2018) simply report quantitative modal 

shifts from more environmentally benign modes towards the car. In these studies, it is unclear what 

would have happened in the absence of EVs: would participants have bought an ICEV or not, and if 

so, what modal shift would have been reported? Similarly, for EV trials such as Labaye et al. (2017), 

the additional vehicle results in a (temporary) modal shift but should households have been given an 

extra ICEV for the same period, similar results could have been reported. Another important point is 

made by Langbroek, Franklin, & Susilo (2018), who report a modal shift from PT to the car but also 

the other way around. Finally, Figenbaum & Nordbakke (2019) show that 87% of EV buyers 

previously drove to work, in contrast to 79% of ICEV buyers. 
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Table 5: an overview of all identified studies that report a modal shift from PT to EVs, or from active modes to 

EVs. The percentages are absolute. Source: own work. 

Author(s) Year 

of 

study 

Country 

of study 

Modal shift from PT 

(reduction) 

Modal shift from 

active modes 

(reduction) 

EWEAG (as cited in 

Gjøen & Hård, 2002; 

not in citation list) 

? ? (Swiss 

study) 

Yes Yes 

Knie et al. (as cited 

in Gjøen & Hård, 

2002) 

1997 ? (French 

study) 

Yes Yes 

Halvorsen & Frøyen 2009 Norway Commuting PT share 

reduced from 23% to 

below 6% 

EV owners are 

significantly less active 

than the population 

average 

Rødseth (as cited in 

Hjortol, 2013) 

2009 Norway 83% of EV owners commute by car, versus 47% in 

the random sample; increased car use after purchase 

Figenbaum & 

Kolbenstvedt 

2013 Norway 10-20% combined 

Haugneland & 

Kvisle 

2015 Norway 10% 1% 

Figenbaum & 

Kolbenstvedt 

2016 Norway 3% more than those who 

purchased ICEV; 13% 

fewer report increases 

8% less than those who 

purchased ICEV; 12% 

fewer report increases 

Nygaard 2016 Norway 30% changed their habits; 

no significant reduction 

14% changed their 

habits; no significant 

reduction 

Labaye et al. 2017 France Not mentioned 7% 

Langbroek, Franklin, 

& Susilo 

2018 Sweden 69 extra car trips and 61 fewer car trips by 273 

respondents 

Bauer 2018 Norway About 6% bigger than 

those who purchased 

ICEV 

About 8% bigger than 

those who purchased 

ICEV 

Haustein & Jensen 2018 Denmark 13.9% report a reduction, 4.2% report an increase 

Figenbaum & 

Nordbakke 

2019 Norway 35% report a reduction, 

11% report an increase 

15% report a reduction, 

16% report an increase 

Friis 2020 Denmark Qualitative: yes Qualitative: yes 

 

Bauer (2018) splits reported travel behavioral changes into four groups that either added a vehicle or 

replaced one, the new vehicle being either an ICEV or an EV. In the study, about 10% of EV users 

report a modal shift from PT and active modes to their EV, relative to about 4% and 2% for PT and 

active modes to ICEVs, respectively. Bauer’s study (see Figure 17) clearly shows that those who add 

an EV increase their driving most often, followed by those who replace a car with an EV, followed by 

those who add an ICEV, followed by those who replace an ICEV. The same ranking holds for PT use 

and active travel, although it considers a reduction here. In other words, those who add an EV reduce 

their use of sustainable modes most often, while those who replace and an existing car with an ICEV 

reduce their use of sustainable modes the least often. As this part of Bauer’s research is based on 

stated behavior, there could be reporting errors, and the size of the modal shift is not investigated. 

However, the findings are logical because those who purchase an additional vehicle report increases 

more often than those who replace an existing vehicle. 
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Figure 17: Self-reported differences in travel behavior after purchasing an EV or ICEV that either replaces an 

existing vehicle or is additional. Red indicates trends towards increased driving (increased driving or reduced 

use of sustainable modes) while green indicates trends towards reduced driving (reduced driving or increased 

use of sustainable modes. ‘Insurance’ and ‘Commute’ are both proxies for driving, see the original work. 

Source: Bauer, 2018. 

 

Almost all observations come from Scandinavian countries, which could be caused by an absence of 

study interest outside Scandinavia, or the lack of a modal shift outside Scandinavian countries in 

combination with publication bias. However, should researchers find no modal shift whatsoever, this 

would still be an interesting finding to report. The various methodologies make it hard to compare 

findings, as several studies do not split their observed modal shift into modes. Still, many studies 

report some form of a modal shift, mostly between 5-15% for PT and lower for active modes. 

Next to a modal shift, several studies report that EV drivers increase their distance traveled. Three 

studies (Jensen & Mabit, 2017; Nygaard, 2016; Franke & Krems, 2013) report increases without 

further specification, one of which (Franke & Krems, 2013) simply mentions that EV users drive 

more than ICEV users. Rolim et al. (2012; 2014) find that 36%/31% of survey respondents 

(respectively) have increased their driving. Langbroek, Franklin, & Susilo (2017, 2018) find that their 

273 respondents in a stated adaptation experiment planned 35 extra trips due to available EV range, 

mostly shopping and leisure trips. Most trips were planned by low-income groups, which are more 

sensitive to the rebound effect. 

One of the most detailed studies estimates that participants who replace an old vehicle with an EV 

increased their VKT by 19.3%, while those who add a vehicle increased their VKT by 47.8% or even 

69% if the vehicle rebound is included (Bauer, 2018). The counterfactual, i.e. the absence of EVs as a 

choice, would have resulted in a smaller rebound effect (Bauer, 2018). In the same (Norwegian) 

context, Figenbaum & Kolbenstvedt (2016) show that those who purchase an EV increase their 

driving more often than those who purchase ICEVs while they are less likely to reduce their driving. 

Figenbaum & Nordbakke (2019) find that EVs are driven, on average, longer distances to work, and 

also used more for leisure, visits, shopping, and escorting children (p24-5). On an aggregate level, 

there is a small yet statistically insignificant reported increase in yearly VKT between EV and ICEV 

buyers (Figenbaum & Nordbakke, 2019). In terms of insured driving distance, those who acquire an 

EV drive 390 km (2.4%) more than those who buy an ICEV. 
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The preliminary conclusion is that EV adoption leads to increased driving. However, there are some 

methodological issues. Firstly, Figenbaum & Nordbakke (2019) point out that EV owning households 

are larger, which means that increased driving is perhaps due to household-related factors. Secondly, 

except for Rolim et al. (2012; 2014) and Franke & Krems (2013), all studies were again conducted in 

the Scandinavian context. Finally, both Jensen & Mabit (2017) and Golob & Gould (1998) find 

evidence of ‘presentation journeys’ at the beginning of their EV trial, inflating total VKT. Such trials 

are not completely comparable to EV adoption for various other reasons too. 

The above studies have all discussed the direct rebound effect with EV adoption. However, it is 

possible that EVs also lead to an indirect or structural effect. Despite a nascent literature on EV 

rebound, only one study reports the indirect effect while no study reports the structural effect. 

Seebauer (2018) finds evidence of indirect rebound effects and compensatory behaviors in relation to 

EV adoption, including flying on holiday. In all likelihood, there is significant underreporting of 

especially indirect rebound effects, as most of the scholars cited in this segment are only loosely 

related to the field of environmental economics. Based on Seebauer’s study, it can be argued that 

undetected indirect and perhaps structural rebound effects have gone undetected in the contexts 

studied by the other authors. More research is required to understand the indirect and structural effects 

of EV adoption. 

A substantial group of studies simply bases their rebound effect models on the literature. As these do 

not provide any empirical insights into EVs, only one will be discussed for illustration purposes. The 

UK Department for Transport (2018) made seven scenarios for future transport demand of which the 

‘Zero-Emission Vehicles’ scenario has the highest transport demand, which is caused by a 35% 

increase in average trip distance relative to the base scenario. Importantly, the increase in trip length is 

caused by the lower cost of electricity vis-à-vis liquid fuels (see Anable & Goodwin, 2018). Ideally, 

further investigation of the effects discussed in this chapter could improve such models and lead to 

better policymaking. 

 

5.3 Conclusion 
In the previous two sections, the following question was addressed: 

RQ1.2: To what extent will the electrification of automobility change automobility quantitatively? 

 

The analysis in section 5.1 shows that various eco-driving behaviors are observed when EVs are 

adopted, ranging from a modal shift if range is insufficient to more gentle acceleration and braking, as 

well as increased energy awareness. However, only three studies report less total driving with EVs 

than with ICEVs, and none of these studies show why this reduction occurs or that the findings are not 

caused by vehicle additionality. In contrast, far more studies report increases in automobility after EV 

adoption. Five studies report increased vehicle ownership, while over a dozen studies report a modal 

shift, and nine studies report increased overall distance traveled. Only one study reports indirect 

rebound effects. Five studies explicitly link the rebound effect to psychological factors, for which they 

provide at least some evidence. However, very few studies discuss whether the findings are 

significantly different from the case in which an ICEV was adopted instead of the counterfactual, in 

which EVs did not exist or were otherwise unavailable. An exception is formed by Bauer (2018), who 

reports all three effects (modal shift; increased VKT; increased car ownership) related to EVs. 

On its own, Bauer’s study is not enough to draw a conclusion, but most studies find similar effects, 

despite not being as sophisticated in the analysis of these effects. In combination, the preliminary 

conclusion is that EVs result in increased car ownership and driving, in part because of a modal shift. 

It seems to be the case that this is caused by a combination of the lower marginal cost of driving and a 
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reduction in the ‘shame’ associated with (excessive) driving. Note, however, that policy can influence 

these findings, which will be discussed in chapter 7. 

It is also important to note that these findings stretch a range of cultural and economic contexts while 

also relating to different vehicle types (Bauer, 2018). The effects of limited driving range were 

especially reported in studies conducted in 2007-2012, most of which were EV trials with limited 

driving range (e.g. Cocron et al., 2011). The recent increase in EV range may limit the reductions in 

automobility observed in section 5.1: “The development of electric cars as more similar to 

conventional cars may desensitize users’ awareness of these issues.” (Ryghaug & Toftaker, 2014: 

160; Langbroek, Franklin, & Susilo, 2018). Finally, most studies were conducted in Norway or 

elsewhere in Scandinavia, limiting the generalizability of these findings. Additional methodological 

considerations will be discussed in section 9.3.  
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6. Results: socio-technical imaginaries of electric 

automobility 
Chapters 6 and 7 cover to what extent the findings from chapters 4 and 5 are attributable to 

governance. This chapter will address the following RQ, based on the methodology outlined in 

section 3.3: 

RQ2.1: What socio-technical imaginaries can be identified behind the transition towards electric 

automobility in the Dutch context? 

 

The identification of themes led to an overview of codes and themes, which can be found in the 

appendix, Figure A2 and Table A2. This chapter will start with discussing how the Dutch 

government(s) discuss reasons to electrify automobility, followed by a discussion of whether 

‘technological fix’ or ‘sustainable mobility’ frames are adhered to. The third discussion covers 

whether EVs are discussed in ICEV terms or as truly ‘different’ vehicles. Fourthly, the urban and 

national levels are compared, followed by a brief discussion of differences by publication date of the 

documents. Section 6.6 discusses the discourse coalitions that adhere to two different storylines, 

followed by a conclusion in section 6.7. 

 

6.1 Reasons to pursue electric automobility 
The analyzed documents mention various reasons to pursue electric automobility. Almost all 

documents mention CO2, and the majority mention air quality and economic reasons. A minority of 

the documents mention livability, noise, energy independence, stimulating innovation, and health. 

Climate change is often mentioned as a key objective of electrification. It is usually reduced to a clear 

objective by mentioning that 60-95% reductions in CO2 emissions are required by 2050, depending 

on the year of publication. Even though one of the publications (16) mentions that the effects of EVs 

on air quality and noise are rather small, these are often mentioned as reasons to pursue electrification. 

Almost half of the documents state livability or urban quality, often without explicating how EVs 

contribute to this. Ten documents go further by focusing on health or healthy living environments, 

often related to a modal shift in addition to electrification. The need for social change, inclusive 

mobility, and arguments that EVs do not fix issues relate to space, safety, or air quality or are not 

sustainable enough, is mentioned only a few times in the documents. 

Often implicitly, automobility is linked to what Bergman, Schwanen, & Sovacool (2017) call ‘the 

facilitation of our way of life’, although the observations at hand are somewhat more subtle than their 

findings. If addressing climate change were the only goal, reductions in automobility would be 

considered, but EVs provide an opportunity to address climate change without significantly reducing 

automobility. Retaining automobility is something to which ‘there is no alternative’ (see Roberts & 

Geels, 2018; Bergman, Schwanen, & Sovacool, 2017). This frame becomes most explicit when ‘less 

mobility’ is coerced: 

[This results in] a reduction of automobility, with negative effects on economic development and 

options for social participation. ... Instruments that intervene in the amount of automobility, such as 

pricing policies, can also contribute to reaching climate goals but require broader assessment. (16)8 

 
8 This document is called ‘Electric driving in 2050: implications for the (living) environment’, written by the 

PBL. Note again that an overview of the documents, including their Dutch and English names, is in the 

appendix. 



62 

 

The ‘economic’ argument is particularly interesting, given that it consists of a range of sub-

arguments. The Dutch government (2010-2012) has stated that the Netherlands wants to be a 

frontrunner in the EV sector to expand its currently small automotive sector. This way, it is linked to 

creating jobs, trade and export opportunities, earning potential, and increasing added value. In seven 

documents, ‘green growth’ was mentioned explicitly, which is the idea that the economy can grow 

while decoupling itself (in absolute terms) from resource use and (CO2) emissions (Hickel & Kallis, 

2020). Green growth is a frame that can hardly be disagreed with if it delivers, but it is infeasible on a 

global scale and impossible in the longer term (Hickel & Kallis, 2020; de Blas et al., 2020). The green 

growth frames deproblematizes EV policies as economic growth and hypermobility are combined 

with environmental goals (environmental quality, climate change mitigation, energy transition). Even 

though there are always winners and losers in a transition (Smith & Stirling, 2010), the EV transition 

is framed as desirable from all perspectives: 

Will the Netherlands stay ahead or not? The coming years are crucial: can the Netherlands (and does 

it want to) stay ahead with a broad market transition? If so, EVs will have to conquer the consumer 

market. If it succeeds, the Netherlands can keep profiting from green growth, increasingly sustainable 

mobility, and improvements in its energy position. If not, the efforts and investments in the business 

car market and charging infrastructure might have been futile. The growth in the number of EVs and 

the benefits that come along with it (economy, jobs, air quality, carbon mitigation) will then decline. 

(3)9 

By creating an apolitical façade (Mattioli et al., 2020: 14), potential downsides of policies to make 

EVs conquer the consumer market ignored. In this case, the fact that non-car drivers (cyclists, for 

example) and ICEV drivers subsidize the relatively affluent EV drivers so that the hypermobile are 

subsidized disproportionally is not mentioned, possibly since it is a taboo (Gössling & Cohen, 2014). 

This finding has its parallels in the car system in 1930s Britain, which was also argued to ‘solve its 

own problems’ by moving forward rather than reducing automobility (Roberts & Geels, 2018). This 

finding has been observed before in the literature on socio-technical imaginaries and is called a 

reliance on ‘positivistic’ discourses (Soutar & Mitchell, 2018; Tozer & Klenk, 2018: 179). 

Interestingly, most documents do not discuss the adverse effects of automobility that EVs do not 

address: space use, congestion, transport inequality, resource use, safety, and physical inactivity. 

Simultaneously, the adverse effects that are only partially alleviated are usually simply mentioned as a 

benefit, such as air quality, noise, urban quality, and climate change. This way, EVs are shown only in 

a positive light, which is in line with other findings from the energy transition (Soutar & Mitchell, 

2018; Tozer & Klenk, 2018: 179). This framing is in stark contrast with the thoughts and discussions 

about EVs among European citizens (Ortar & Ryghaug, 2019; Bunce, Harris, & Burgess, 2014). 

 

6.2 Technological fix or sustainable mobility? 
The pursuit of technological fix means that problems such as climate change are addressed using 

technology only, while sustainable mobility means that EVs are considered part of a bigger solution 

package that includes behavioral change, for example a modal shift to PT or active mobility. As 

documents can contain elements of both, the assessment will be based on the balance of both factors10. 

The above-mentioned argument that automobility underpins our way of life generally translates into a 

preference for technological fix over sustainable mobility. This way, an incremental increase from 

 
9 ‘Make electric driving big’, a document by a public-private partnership to make EVs thrive. 
10 For example, on the one hand, a modal shift from cars to bicycles might be deemed desirable in a document 

(an element coded as Sustainable Mobility; see Banister, 2008, or Holden, Linnerud, & Banister, 2013). At the 

same time, the document may argue that ‘EVs are the main measure to mitigate carbon emissions from 

transport’, thereby upholding (nearly) current levels of automobility. 
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current levels of automobility is assumed, often based on economic and demographic factors. 

Simultaneously, documents that adhere to these frames argue that congestion is problematic as 

infrastructure should be well-developed and flow freely. If this is not the case, the capacity issue 

should be addressed with extra infrastructure, or more recently, with measures such as dynamic 

pricing that spreads automobility better over the day. 

Related to the facilitation of our way of life and the infrastructure-flow frame is freedom of choice 

and automobility as a fundamental right (Douglas, Watkins, Gorman, & Higgins, 2011). Gössling & 

Cohen (2014: 203) argue that questioning the “unfettered freedom to move” is taboo. To avoid 

interfering in this ‘freedom to opt for automobility’, sustainable mobility is framed as a choice that 

can be achieved from a policy perspective through stimulation (e.g. 1, 14, 25): 

[…] “I want to stimulate cycling, the goal being 200.000 extra commuters taking the bicycle and that 

we together make 3 billion extra cycling kilometers.” 

Stientje van Veldhoven, Secretary of State for Infrastructure and Waterworks. (1)11 

[…] commuters and business travelers are stimulated to travel more sustainably, less, and/or outside 

of rush hours. (14) 12 

These statements argue that drivers do not have to change their behavior if they are not enticed 

(Bergman, Schwanen, & Sovacool, 2017). Some of these ‘stimulation’ frames go even further, such as 

the following passage from the national mobility vision 2040: 

From the perspective of accessibility, sustainability, and livability, we will create a desirable 

alternative for the (private) car in busy cities. (1) 

 

Implicitly, this statement argues that there is currently no desirable alternative to the (private) car in 

busy cities such as Amsterdam, Rotterdam, and The Hague, despite all three cities having excellent 

walking, cycling, light rail, and heavy rail infrastructure, in many places to the point that there is a 

lack of space to further invest in these infrastructures without divesting in automobility. This way, 

current levels of automobility are deproblematized and framed as logical given the undesirability of 

other modes. Such persuasion-based frames of sustainable mobility also exist in the form of Mobility-

as-a-Service and multimodality. From these persuasion-based frames stems the idea of a ‘user choice 

transition’ in automobility, i.e. the idea that drivers should be enticed (verleid in Dutch) to buy a more 

sustainable car, in this case, an EV. This frame was encountered in various forms in 17 documents 

(see the appendix, Table A2), for example (compare Bergman, Schwanen, & Sovacool, 2017): 

Do EVs have a chance with them [private drivers], or do hydrogen vehicles or flex-fuel vehicles that 

can drive entirely on biofuels make a chance? How popular are they relative to the familiar/trusted 

petrol and diesel car? (4)13 

 

The risk in framing sustainable mobility as a user choice is that sustainability goals might not be 

achieved if experts are unable to make sustainability desirable enough. Thus, there seems to be a 

discourse coalition that frames as a technological fix that serves to preserve automobility and address 

climate change (compare Bergman, Schwanen, & Sovacool, 2017). 

Not all documents adhere to this discourse coalition of technological fix frames, however. In contrast 

to discussions by Bergman, Schwanen, & Sovacool (2017), Gössling & Cohen (2014), and Douglas et 

al. (2011), reducing automobility and strict parking policies are discussed in several documents (12, 

18, 22, 25, 26, 27, 28, 30). Interestingly, except for one, all of these documents are written by or for 

 
11 The national transport vision for 2040, written by the Ministry of Infrastructure & Waterworks. 
12 This document is the ‘energy agreement for sustainable growth’, written by the social-economic council. 
13 This document discusses whether drivers prefer EVs, hydrogen cars or biofuels, and is written by the PBL. 
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urban governments, which not only see more environmentally inclined political coalitions, but they 

are also more pressed by issues such as space use, air pollution, and noise. Three documents (12, 18, 

26) mention the sustainable mobility related ‘trias energetica’ or the ‘trias mobilica’ (reduce, modal 

shift, improve). The city of Utrecht wants to reduce automobility for sustainability reasons: 

The European air quality norms are considered minimum norms. To reach this goal, a change in 

thinking about car use is necessary, by working towards maximum measures to stimulate cycling and 

public transportation and reduce car use. That does not mean that car use will be banned: car use is 

– if dosed well – an inseparable element in the accessibility of an attractive city. (26)14 

This difference between the national level and several urban areas indicates that there could be two 

separate discourse coalitions here, which will be discussed further in the following sections. 

 

6.3 Technological substitution or socio-technical transition? 
Another aspect to address is whether EVs are framed in the same or different terms than ICEVs. The 

differences between ICEVs and EVs are acknowledged in many documents. How these differences 

are framed is rather interesting: the higher price, shorter range, longer charging time, and lack of 

towing capacity of EVs are generally framed as adoption barriers that should be removed. Novelty-

related factors such as the lack of charging infrastructure, the limited number of EV models, and 

uncertainty about battery life and depreciation are also considered barriers, but these are niche-related 

Note that, instead of taking ICEVs as the frame of reference, these aspects could also be called 

‘differences’ just as bicycles are different from ICEVs. 

Some of the documents argue for the inferiority or the intrinsic negative evaluation (11) of EVs and 

question whether people are willing to drive such ‘cars with limitations’ (4, 5, 11). One entrepreneur 

states that “stories in which EVs are viewed as a better alternative to ICEVs, should not be taken 

seriously” so (taxi) companies ought to ‘protect’ their customers from EV usage limitations 

(document 5; compare Ryghaug & Toftaker, 2016). In this frame, EVs should copy ICEVs as much as 

possible, or EV drivers should be compensated for adopting such ‘inferior’ vehicles: 

There are roughly two ways in which the government can try to reduce the negative appreciation of 

EVs among car users: 1. By stimulating technological improvements, and 2. by financially 

compensating car users for their negative appreciation. (4) 

Most of the documents ignore EV user benefits (see chapter 4) and many assume that users do not 

care about collective benefits, such as air quality or climate change. However, a few documents argue 

that EVs can never win on ICEV terms because they are unlikely to be able to meet all the criteria 

(such as a towbar or very fast refueling). Rather, EVs should ‘win’ on their unique potential, such as 

their environmental friendliness, by providing status, signaling innovativeness (document 5), or 

providing comfort or silence (document 3). 

Ignoring the collective benefits of EVs from an individual perspective is logical given that most of the 

documents follow methodologically individualist lines of analysis (see Bergman, Schwanen, & 

Sovacool, 2017): individuals are considered entirely or limitedly rational choice makers that 

maximize their own utility. In several documents (e.g. documents 3 & 16), heavy emphasis is placed 

on the total cost of ownership (TCO) of EVs. In other (to an extent overlapping) documents, limited 

rationality or information was argued to be a problem. This way, users can be persuaded to buy EVs 

 
14 This document is Utrecht’s transport vision, which is called ‘Utrecht attractive and accessible: action-plan 

clean transport’. 
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not just through their rationality, but also through ‘softer’ factors such as eliminating range anxiety, 

status, social influence, or their care for the environment. 

Next to ignoring EV benefits, many documents downplay social change by assuming that 

automobility behavior is stable or linearly increasing (compare Bergman, Schwanen, & Sovacool, 

2017). This is observed frequently in the literature, despite compelling evidence that social and 

technological change are linked (e.g. Cass, Schwanen, & Shove, 2018; Shove & Walker, 2007). Only 

one document discusses behavioral change concerning EVs, in a purely cost-related manner. Several 

other documents (1, 2, 3, 4, 5, 16, 17, 19, 23, 24) discuss behavioral change concerning other types of 

mobility, mostly car-sharing. Car-sharing is often argued to go hand-in-hand with electrification (1, 3, 

10, 12, 13, 15, 17, 18, 22, 23, 26, 29), although few documents explain why this is the case. In many 

cases, it seems that most documents simply connect two sustainability-oriented transformations in 

automobility to argue that they are even more sustainable in conjunction with each other. While 

behavioral change is rarely discussed with EVs, other changes that are caused by electrification are 

mentioned, such as smart grids and vehicle-to-grid (3, 8, 10, 13, 15, 16, 17, 28, 29), or by speaking of 

a ‘system transition’ without explicating. Other documents discuss the uncertainty that comes with 

transitions, the need for a tax transition, or spatial changes linked to electrification (16 & 29). 

While most transformational elements thus receive scant attention, economic transformation is 

prominent in the documents, which relates to the pursuit of being a front-runner in the EV sector. 

Note that this pursuit is a long haul from the Dutch automotive sector’s current state as it produces the 

equivalent of about 10% of Dutch annual car sales (OICA, 2021; CBS, 2019). The country tries to use 

the transformative capacity of EVs to gain a foothold in the lucrative automotive sector, not only in 

vehicles and components but also in charging infrastructure and services. While countries such as 

Germany have an interest in keeping the car market the way it is and postponing the transition (see 

Meckling & Nahm, 2018: 515), the Netherlands has little to lose in terms of its automotive sector. 

Thus, the Netherlands combines the ‘innovation for national growth frame’ (Schot & Steinmueller, 

2018) with industrial politics. 

 

6.4 Urban areas and the national level 
A novel aspect of this thesis is investigating differences between the urban and national levels. It is 

essential to provide some context in Dutch EV governance before discussing differences between the 

urban and national levels. In the Netherlands, city governments are responsible for the EV charging 

infrastructure, but they lack political freedom to limit automobility using, e.g., congestion charging 

zones beyond ‘low emission zones’ for diesel cars (in Amsterdam, Utrecht, and Arnhem as of 2020). 

Furthermore, local governments lack funding to provide additional EV incentives. Instead, the 

primary political interventions at the urban level lie in the allocation of infrastructures, with which 

they can choose to invest in specific modes of transport. They also have discursive freedom to discuss 

electric automobility as a cure-all or can argue that automobility should still be reduced. In the Dutch 

context, cities with older centers and student cities have a lower share of automobiles in the modal 

mix than other cities, while cities in the south are more car-oriented than cities above the Meuse river 

(KiM, 2014). 

A first observation is the within-group variability in mobility policy in urban areas. On the one hand, 

Amsterdam, Rotterdam, the Rotterdam The Hague Metropolitan Area, Utrecht, Eindhoven, and 

Groningen adhere to sustainable mobility frames and problematize automobility to various degrees 

while rejecting infrastructure-flow frames. Some of the municipalities are forwarding plans to reduce 

maximum speeds to 30 km/h. Other cities, such as Rotterdam, argue for shared micro-mobility (such 

as light, two-person cars with a maximum speed of 45km/h). On the other hand, Tilburg, Almere, and 

the Hague link automobility to the economy and ‘our way of life’. They also argue that congestion is 
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problematic because infrastructures should flow. While these cities do discuss inclusive transport, 

health, and sustainable mobility, they argue that modal shifts should be achieved purely through 

enticement. This way, these city documents argue mostly along the same lines as the national level, 

which could indicate the existence of two discourse coalitions: one consisting of eight urban areas, 

and the other of the national level and three urban areas. 

When zooming in on electrification, one of the most striking observations in the documents is that the 

urban areas that seek to reduce automobility have less focus on electric automobility. Their broader 

focus can be explained by the wider toolkit at hand when reducing automobility is not a taboo: the 

drawbacks of automobility can be addressed with other policies such as investing in PT or active 

transport, densification, congestion charging, or car-free cities. Other cities, such as Tilburg, do not 

seek to reduce automobility. Instead, Tilburg focuses on 2040 and envisions a city with 100% electric, 

self-driving cars that park themselves outside the city center. This vision is rather optimistic in the 

light of scientific expectations (Kyriakidis et al., 2019) and is perhaps a way to avoid making hard 

choices in the present. Even though Tilburg discusses various elements of sustainable mobility, it also 

seeks to strengthen automobility. 

A third observation concerns terminology. The term ‘mobility transition’ is used both in the Hague 

and Groningen, but their definitions differ substantially. The Hague, on the one hand, has a very wide 

definition: 

Mobility has to be 1. Safe, 2. Efficient, 3. Clean, 4. Customized, 5. Affordable and 6. Connected. We 

define ‘mobility transition’ as: “the necessary further development of the mobility system so that the 

city will stay accessible, livable and traffic-safe in the coming decades”. Furthermore, a sustainable 

mobility system which is a natural part of an attractive city, where it is nice to live, work, shop, study, 

and for recreation. (24)15 

It is clear from this definition that one cannot disagree with the goals. However, it is questionable 

whether the goals are combinable without having to make trade-offs, and it is unclear how such trade-

offs will be made. On the other hand, Groningen implies that car use is not sustainable by loosely 

defining their ‘mobility transition’ as a modal shift from the car to “sustainable alternatives for car 

use”. While the Hague’s document argues that a ‘sustainable, clean, and efficient’ mobility system 

can have a high level of car accessibility, Groningen explicitly disagrees. 

 

6.5 Changes over time 
Even though changes over time were not central to the analysis, several developments stand out. The 

Paris climate agreement of 2015 and the 2019 Dutch climate law resulted in an increase in the CO2 

emission reduction target from 60% to 95% in 1990-2050. Probably in relation to these more stringent 

goals and developments in the EV sector, EVs were fully embraced from 2015 onwards, before which 

flex-fuel and hydrogen cars were still widely discussed (4, 14, 18, 19). Nowadays, biofuels and 

hydrogen are reserved as transition fuels and for trucks (Ministry of Economic Affairs and Climate 

Policy, 2019). Despite not being central to the analysis (compare Bergman, Schwanen, & Sovacool, 

2017), the analysis shows that the belief in electric automobility has consolidated discursively since 

2011, with electrification moving from being a possibility to the central solution around 2015, while 

the need for a rapid EV transition was made official in 2019. 

 
15 This document is the mobility transition vision of The Hague, which is called ‘Main aspects of the mobility 

transition’. 
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6.6 How the transition towards EVs is imagined 
The sections above showed the existence of two discourse coalitions, which each adheres to two 

storylines (see Figure 18). These storylines are mostly cohesive, but that does not mean that every 

document mentions only elements from one storyline or that every document mentions all the 

elements from its storyline. The discourse coalition of national government actors and three cities 

(Tilburg, The Hague, Almere) shapes a storyline, which goes as follows. First, automobility is 

essential to our economy and way of life. In the light of climate change, carbon emissions from 

automobility need to be reduced, which can be achieved by enticing car users to adopt EVs, or as was 

argued until 2015, biofuels or hydrogen. Another option is for users to switch to other modes, that is, 

if they are enticed to switch. EVs are used to combine automobility with addressing carbon emissions, 

air quality, noise, and livability concerns while creating economic opportunities and growth. Because 

automobility is itself not deemed problematic, technological substitution is considered sufficient. This 

storyline frames actors as rational choice agents who do not currently want EVs. The barriers to EVs 

should be removed to entice ICEV users to purchase EVs by improving EVs or by compensating them 

for the switch using EV subsidies. 

The other six urban governments (Amsterdam, Rotterdam, MRDH, Utrecht, Eindhoven, and 

Groningen) form a discourse coalition with its own storyline. These governments consider EVs 

dually: one the one hand, EVs are argued to be desirable in terms of carbon emissions mainly as well 

as air quality, livability, and noise; on the other hand, they are considered insufficient in terms of 

healthy and active transport, livability, and especially space use, so that the benefits of EVs are 

nuanced. Because EVs are not the primary goal of the transport strategy, adoption barriers do not gain 

as much attention. Instead, sustainable mobility gets attention, with a relative focus on modal shift, 

less mobility, and parking policy, as well as car-sharing and light electric vehicles (LEVs). Note that 

this storyline is somewhat divergent in the final part, given the wide range of considered policy 

options because it does not deem EVs a cure-all. 

 

6.7 Conclusion 
The above discussions allow for answering the third RQ: 

RQ2.1: What socio-technical imaginaries can be identified behind the transition towards electric 

automobility in the Dutch context? 

 

At the national level and in several cities, a picture emerges from the discourse analysis that shows 

how electrification is instrumental to combining automobility as a facilitator of the economy and ‘our 

way of life’ with climate goals, noise reductions, energy independence, and efficiency, air quality, and 

urban quality. The national government and three cities pursue electrification because there is a 

reluctance to coerce motorists to reduce their car use for the environment. Active modes and PT are 

framed as desirable, but only through enticement. Furthermore, this coalition frames the unique 

properties of EVs as ‘barriers’ to adoption so that EVs have little transformational effect on 

automobility. In contrast, eight cities adhere to what Banister (2008) would call sustainable mobility 

as they are willing to reduce automobility, which results in their toolbox being far broader than 

electrification only. The adherence to sustainable mobility does not mean they are against 

electrification, but rather that electrification is deemed insufficient on its own. These findings are 

largely in line with previous research, although the findings concerning urban areas are novel. 

This chapter addressed the first part of the MRQ2. The above findings allow for an understanding of 

the reasoning behind EV policies. To answer MRQ2 in full, however, it is important to consider how 

such EV policies actually change automobility. The next section addresses RQ2.2. 
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Figure 18: Above: the ‘automobility preservation’ storyline, which is found in the documents at the national 

level and in three cities. Below: the ‘sustainable mobility’ storyline that is found in eight urban area-documents. 

Source: own work.  
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7. Results: the effects of EV policies 
This chapter addresses the fourth and final RQ: 

RQ2.2: To what extent are the observed quantitative and qualitative changes in automobility 

mediated by policymaking in the transition towards electric automobility? 

The discussion is structured as follows. The quantitative effects of EV policies are discussed first, 

starting with the effects of EV stimulation policies (section 7.1), followed by the effects of EV 

demand-side policies (section 7.2). In section 7.3, the qualitative effects of various EV policies are 

discussed. In section 7.4, a conclusion is drawn based on these three sections. 

 

7.1 The quantitative effects of EV stimulation policies 
The literature discusses several ways in which EV stimulation policies can result in increased 

automobility. This section will start with various monetary EV incentives, followed by access to bus 

lanes and infrastructure investments. 

First of all, subsidies and tax exemptions in various forms reduce the cost of EV acquisition or use 

which theoretically leads to more EV adoption, even though the additionality of the EV purchases is 

unclear16 (Xing, Leard, & Li, 2019; Sheldon & Dua, 2019). Simultaneously, subsidies could lead to a 

rebound effect in ownership and use, especially among lower-income groups (Vivanco, Freire-

González, Kemp, & van der Voet, 2014; Bauer, 2018; Seebauer, Kulmer, & Fruhmann, 2019). A 

scrappage scheme or buyback policy (Kester, Noel, de Rubens, & Sovacool, 2018) is a specific 

purchase subsidy for those who scrap an old vehicle. Most scrappage schemes require the vehicle to 

be ten or more years old; this age requirement is sometimes differentiated by diesel and petrol cars 

(e.g. in France). Such policies could counteract the increased vehicle rebound because it only applies 

if a vehicle is scrapped (see Kester et al., 2018). 

Some countries subsidize the use of EVs, for example, through road tolling exemptions, free ferry use, 

or free parking, all of which were in place in Norway until 2017, after which Norway set such tariffs 

to a maximum of 50% (Norsk Elbilforening, 2020). Use subsidies should be avoided because they 

lead to a substantial rebound effect, while they are also less effective given heavy discounting of 

future savings and because most users do not actually ‘calculate’ the savings (Dijk, Wells, & Kemp, 

2016; Langbroek, Franklin, & Susilo, 2016; 2017; Seebauer, Kulmer, Fruhmann, 2019; Shafiei et al., 

2018). Periodic tax exemptions are also common, such as the Dutch exemption from road tax until 

2024; this road tax can add up to over €350 a month for the largest, most polluting cars. These tax 

exemptions are inefficient relative to purchase subsidies (Gaß, Schmidt, & Schmid, 2014) while also 

inducing a rebound effect (Langbroek, Franklin, & Susilo, 2017). 

In various Norwegian municipalities, EVs are allowed on the bus lane, which provides time savings 

exceeding 30 minutes per trip for some users (Hannisdahl, Malvik, & Wensaas, 2013; Aasness & 

Odeck, 2015; Figenbaum, 2018) while crowding some bus lanes which can result in increased PT 

travel time (Franklin, Langbroek, & Susilo, 2017). Because travel time is one of the main 

determinants of mode choice, this should lead to increased car travel and reduced PT ridership (e.g. 

Asensio, 2002). A Norwegian study (Halvorsen & Frøyen, 2009) found that access to bus lanes is the 

most important reason to purchase an EV; however, this EV adoption goes hand in hand with a 

decline in PT commuting among those who bought an EV from 23% to 6%. More research is 

necessary to confirm the link between access to bus lanes and a modal shift from PT to EVs. 

 
16 By ‘additionality’, it is meant that an unclear number of EVs would have been purchased in absence of EV 

subsidies. 
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Another non-monetary way to stimulate EV adoption is investing in charging infrastructure, which 

can be achieved by directly placing charging infrastructure or subsidizing charging point installation 

(Serradilla, Wardle, Blythe, & Gibbon, 2017). As discussed in section 5.1, the limited driving range of 

EVs results in various reductions in automobility, while “the development of electric cars as more 

similar to conventional cars may desensitize users’ awareness of [sustainability] issues” (Ryghaug & 

Toftaker, 2014: 160). Even though improving EV (fast) charging infrastructure might erode the 

barriers to EV adoption (see section 6.3), it might also erode their behavioral benefits (Friis, 2020). 

 

7.2 The quantitative effects of ICEV demand-side policies 
This section discusses ICEV demand-side policies, which make ICEVs more expensive and should 

lead to less automobility. The section will discuss fuel and carbon taxes as well as ICEV-bans. Firstly, 

fuel tax increases should lead to increased EV sales as they reduce the relative cost of EV use (Gaß, 

Schmidt, & Schmid, 2014; Vivanco et al., 2014) as well as an even larger increase in ICEV driving. 

Although it is not straightforward how large the reduction in ICEV use will be, most fuel price 

elasticity studies fall within the range of -0.1 to -0.25 (Craglia & Cullen, 2020; Goetzke & Vance, 

2020; Leung, Burke, Cui, & Perl, 2018). This means that a 10% increase in fuel costs results in 

reductions in car-driving of 1-2.5% and an increase in PT usage of about 0.6% (Iseki & Ali, 2014). 

Even though a 10% increase is considered substantial by many consumers (see McKirdy & 

Vandoorne, 2018), such a reduction was until recently not considered enough to kickstart the EV 

transition in the literature (Gaß, Schmidt, & Schmid, 2014), while recent declines in EV TCO have 

made it viable (Shafiei et al., 2018). 

The effects of a carbon tax are similar to those of a fuel tax; however, a carbon tax is more general 

and does not differentiate between petrol and diesel17. A carbon tax should lead to a small increase in 

EV adoption and a relatively large reduction in ICEV usage, similar to a fuel tax (Shafiei et al., 2018). 

A carbon tax is economically desirable if automobility is underpriced, as it is in many countries 

(Creutzig et al., 2020), making it an economically desirable way to speed up the EV transition. 

The most radical ICEV demand-side policy that countries are implementing in the medium- to long-

term is the phase-out of ICEVs (Fulton, Jaffe, & McDonald, 2019). Nine countries are phasing out the 

sales of new ICEVs by 2030, although the enforcement mechanisms are unclear and only two 

countries explicitly ban hybrid vehicles (Anable & Goodwin, 2018; Plötz et al., 2019: 1-2; 

Wappelhorst & Cui, 2020). Additionally, 35 cities have announced a (partial) ban on driving ICEVs 

by 2030 as of November 2020 (C40, n.d.); note that these are geographical driving or parking bans, 

rather than sales bans (Plötz et al., 2019). 

ICEV bans are the most effective measure for EV penetration and essential for emission reduction 

goals (Plötz et al., 2019), with the political dimension being the largest barrier to their 

implementation. The effects of implementing a driving ban are hard to predict (Fulton, Jaffe, & 

McDonald, 2019). In the period after the announcement and before the implementation of a sales ban, 

there can be two effects: on the one hand, sales can increase because the market prepares itself for the 

ban by introducing new EV models and developing sales channels (Brand & Anable, 2019; Fulton, 

Jaffe, & McDonald, 2019; Plötz et al., 2019). On the other hand, a ban on EV sales may result in a run 

on ICEVs just before the ban, similar to the run on incandescent lamps, which had substantial 

environmental and economic effects (Dong & Klaiber, 2019; Jones, 2018). The lack of availability of 

ICEVs at car dealers could reduce total vehicle sales as not all ICEV buyers are willing or able to buy 

 
17 The Dutch climate agreement, for example, increases the price of diesel but not the price of petrol. This way, 

especially larger cars and the transportation sector will be taxed more, in contrast to smaller petrol engine 

vehicles. Simultaneously, a shift from petrol to diesel can also be expected. 
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an EV instead of an ICEV. Industry associations are arguing that such bans would cost hundreds of 

thousands of jobs (Reuters, 2020), but it is probable that such argumentation would not hold in the 

long term and is instead a form of lobbying, to which countries are susceptible (Fulton, Jaffe, & 

McDonald, 2019). Overall, it is likely that ICEV bans reduce total car sales and the total amount of 

automobility (Fulton, Jaffe, & McDonald, 2019), but more study is required, with Norway as the first 

contender (in 2025). 

Regarding ICEV driving bans, the Dieselgate scandal shows that even the possibility of their 

implementation can increase EV sales (Amelang & Wehrmann, 2020; Letmathe & Suares, 2020). 

Despite the implementation of very few diesel driving bans, Dieselgate was a major factor in reducing 

German diesel vehicle sales from 50% in 2015 to 25% of new vehicles in 2020 (Hurd, 2020). 

Figenbaum & Nordbakke (2019) report that 10% of those who regret buying an ICEV in 2018 (which 

comprises 7-9% of ICEV buyers) do so in part or entirely due to the potential driving ban in cities, 

which is a reduction from 2016 when it made up 21% of those who regretted buying an ICEV 

(Figenbaum & Nordbakke, 2019). 

 

7.3 The qualitative effects of various EV policies 
In contrast to the previous sections, this section will cover a non-exhaustive list of five different ways 

in which EV policies can change mobility qualitatively. First of all, EV incentives can influence 

OEMs. Currently, car manufacturers are trying to strike a balance between recuperating sunk ICEV 

supply chain investments on the one hand and making the (expensive) transition to EVs on the other 

hand (Steinhilber, Wells, & Thankappan, 2013). Manufacturers currently consider the level of EV 

incentives in their investment decisions. However, unexpected changes in EV incentives can result in 

OEMs selling fewer or more ICEVs or EVs than expected. This will benefit EV market leaders (e.g. 

Tesla) while negatively impacting those that manufacture predominantly or solely ICEVs (e.g. Alfa 

Romeo). This way, some manufacturers can increase their market share, while others reduce their 

market share or even go bankrupt. In the end, this will affect the market share of OEMs after the 

transition, which affects whether traditional OEMs or newcomers such as Polestar or Tesla will 

dominate the EV market. Note that many OEMs operate worldwide, so the outcome is the result of 

EV policies in various countries. Many countries understand this and try to use it in their favor. As 

was shown in section 6.3, the Netherlands uses EV policies to increase its foothold in the automotive 

sector. In contrast, Germany is purposefully slowing down the EV transition to wait until its relatively 

late-moving OEMs can provide the national demand for EVs (Meckling & Nahm, 2018). 

A second qualitative policy effect relates to requirements set for EV subsidies, which can influence 

the vehicle fleet composition. Such requirements are present in the Netherlands, Germany, France, 

and several other countries (see Lévay, Drossinos, & Thiel, 2017). In the Netherlands, a €4000 

subsidy on EVs and a €2000 subsidy on second-hand EVs are available since June 2020. This subsidy 

is only available for vehicles with 120 km WLTP range or more and a list price of €12,000-45,000 

(ANWB, n.d), which means that a few micro-car models and many LEV models are excluded on the 

lower end. As these are less likely to be bought, such policies can influence the fleet composition (as 

discussed in section 4.2). Small vehicles are more environmentally benign than larger vehicles, 

although it is questionable whether they replace ICEVs (see Bauer, 2018). In contrast, the subsidy 

requirements should lead to fewer sales of large and expensive EVs. While this limits ‘conspicuous 

consumption’ that could increase the desirability of EVs (Noel et al., 2019b), it also reduces the 

subsidization of higher-income groups (see Henderson, 2020). 

A more subtle qualitative effect relates to scrappage schemes, which increase the rate at which new 

vehicles replace old vehicles, reducing the average vehicle age (Kagawa et al., 2013; Kester et al., 

2018). By reducing the number of old, polluting vehicles on the road, differences in energy 
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consumption and emissions become smaller. Furthermore, by targeting old vehicles, less affluent 

groups benefit disproportionally from these policies (Miller, Davis, Reed, Doraiswamy, & Tang, 

2002). 

A fourth effect relates to geographical ICEV driving bans, which affect the composition of the vehicle 

fleet. I will illustrate this using the Netherlands and the city of Amsterdam as an example. While the 

Netherlands will sell ICEV sales in 2030, Amsterdam will ban driving ICEVs in the same year. 

Approximately 1.9 million of the 8.5 million Dutch vehicle fleet is expected to be electrified by that 

time (Rijksoverheid, n.d.). Unless the Amsterdam region will have a far larger share of EVs in 2030 

than the national average, about three-quarters of the approximately 400.000 vehicles that are in the 

city daily (Gemeente Amsterdam, 2019) will not be electric. Note that a far greater number of 

vehicles enter the city occasionally. Because these ICEVs are not allowed to enter the city anymore, 

hundreds of thousands of ICEVs lose some of their value in the region. If there are no such bans on 

ICEVs in the rest of the country, these ICEVs will probably be sold on the second-hand market while 

those driving in the Amsterdam area will buy EVs from the rest of the country. This redistribution is 

driven by prices, as the great demand for second-hand EVs increases their prices while the prices for 

ICEVs go down as they become less valuable. It is not even unthinkable that this effect will cross 

borders, with (for example) German EVs being sold to car owners in and around Amsterdam. When 

implemented, such developments should be studied in detail. 

A final way in which EV policies change automobility qualitatively relates to taxation. Currently, 

many governments rely heavily on car taxation for their mobility expenditure or even general tax 

income. In most countries, automobility does not cover its external cost (CE Delft, INFRAS, & 

Frauenhofer ISI, 2011), which means that ‘tax income’ does not equate that taxation levels are too 

high or that the transition is economically undesirable (Brand & Anable, 2019; Shafiei et al., 2018). 

Even if the external costs are not covered, automobility can be a source of income on the national 

budget, given that external costs end up elsewhere on the balance sheet. Switching to EVs results in a 

large amount of foregone revenue in most countries, as electricity is taxed less far less heavily than 

petrol and diesel. For example, the UK’s road tax revenue reduces from £21.1 billion in 2017 to £6.1-

7.4 by 2035 if ICEVs are phased out (Brand & Anable, 2019). In combination with EV subsidies, this 

requires budgetary action, which is called the ‘tax transition’ in the Dutch context (PBL, 2012a; 

2020): striking a balance between tax revenue, EV penetration, and keeping driving affordable for the 

masses. To this end, the Netherlands aims to reduce its EV incentives to zero by 2026, after which it 

will start taxing EVs in one form or another (Ministry of Economic Affairs and Climate Policy, 2019), 

while the Norwegian government has already started reducing its incentives by cutting several 

incentives in half in 2017 (Norsk Elbilforening, 2020). Going forward, several governments may opt 

for road pricing (Jenn, Azevedo, & Fischbeck, 2015), as it is economically efficient and almost 

impossible to tax EV electricity differently than general household electricity. Note that it is not so 

much ‘automobility’ that changes here, but rather that EVs require changes in governance that can 

affect governments more broadly. 

 

7.4 Conclusion 
The above discussion allows us to answer RQ2.2: 

RQ2.2: To what extent are the observed quantitative and qualitative changes in automobility 

mediated by policymaking in the transition towards electric automobility? 

 

Section 7.1 showed that EV subsidies, especially those that stimulate EV usage, lead to a car use 

rebound effect, while purchase subsidies are more likely to lead to a vehicle ownership rebound 
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effect. Providing EV users with access to bus lanes could lead to a modal shift from PT to the car 

while charging infrastructure investments could reduce some of the environmentally benign practices 

caused by EV adoption. 

Chapter 5 showed empirical evidence that EV adoption leads to a rebound effect; this chapter shows 

that this effect is partially attributable to policy. However, it is unclear how big a part policy plays in 

the rebound effect that was observed in chapter 5. This way, no conclusions can be drawn about 

whether EVs would lead to increased or reduced driving in the absence of such policies. Note that 

much of the rebound effect research cited in chapter 5 is from the Norwegian context, which is one of 

the countries with the most generous EV subsidies. It is not unthinkable that a substantial part of the 

rebound effect observed in Norway is policy-related (Holtsmark & Skonhoft, 2014). 

In contrast, ICEV demand-side policies lead to a double environmental benefit: a replacement of 

ICEVs by EVs and a total reduction in automobility, as some ICEVs are not replaced at all. However, 

perhaps for political reasons, contemporary EV policy mixes focus on providing incentives rather than 

ICEV disincentives. EVs provide a politically easy way out of the climate issues, pollution, and 

dependence on oil-producing nations without fundamentally addressing other drawbacks of 

automobility (see section 2.5; Bergman, Sovacool, & Schwanen, 2017; Henderson, 2020). The heavy 

reliance on ‘carrots’ rather than ‘sticks’ (i.e. a technological fix, see section 6.2) has multiple 

drawbacks. First of all, it leads to a rebound effect, which negatively impacts the environment and 

‘capacity’ (congestion, safety, etc.). Secondly, it results in the subsidization of relatively affluent EV 

buyers, which is paid for by the general population, including those with more environmentally 

benign mobility practices (Henderson, 2020). Thirdly, rather than creating a pathway away from 

current car ownership and usage levels, EV subsidies further entrench automobility by ruling out other 

futures and increasing car-dependence (implicit in Mattioli et al., 2020). This could have lasting 

consequences for individuals, as their life practices come to depend on automobility (e.g. KiM, 2016; 

Friis, 2020). Politically, it becomes hard to switch to a reduction in automobility pathway once the 

subsidization strategy has been set up because car users expect to be enticed to adopt EVs, rather than 

be forced to switch to more environmentally benign modes of transport. 

EV policies also affect automobility in a qualitative sense, concerning manufacturers, vehicles, 

taxation, or the distribution of vehicles. Note that user-related effects (culture and user practices) were 

not discussed because the cultural and user-practice-related effects of EV policies are complex and 

understudied. This does not mean that EV policy does not have cultural or user-related effects, but 

that they are highly contextual, such as highlighted by the Norwegian case of ‘a Tesla on every 

corner’ (Noel et al., 2019b: 165). 

This chapter discussed the quantitative and qualitative effects of EV policies on automobility. The 

next chapter will make a normative turn to answer RQ3 by imagining how policy can steer 

automobility in three contrasting ‘desirable’ directions, depending on the policymaker’s perspective.  
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8. Results: policy for desirable electric automobility 
This chapter addresses the final RQ: 

RQ3: How can policy be used to steer the electric automobility transition in qualitatively and 

quantitatively desired directions? 

Chapter 6 discussed how the Dutch national government envisions the EV transition as a way to 

preserve automobility and ‘our way of life’ while growing the economy and addressing environmental 

issues. Chapter 7 showed that stimulation-focused EV policy is likely to increase total automobility. 

Although a direct link is not confirmed, it logical that the visions in chapter 6 lead to a heavy focus on 

EV stimulation policies to entice ICEV users to switch to EVs. Such ‘carrot-heavy’ policy mixes are 

politically easy but have negative consequences concerning the environment and capacity-related 

issues. 

In this chapter, I intend to provide policymakers with alternative policy solutions that ‘mix’ the EV 

transition into a pathway towards a more sustainable mobility system. To cater to various political 

perspectives, I will discuss three perspectives (see section 2.5): a perspective that views EVs 

positively, one that treats them critically, and a final perspective that is skeptical of EVs as a 

sustainable mobility solution. The positive vision focuses on addressing climate change, air pollution, 

and noise while facilitating automobility. The second vision is more critical and seeks to combine the 

EV transition with a modal shift to more sustainable modes, i.e. active and public transport. The third 

perspective argues that automobility needs to be radically reduced, with the EV transition being 

considered a mere add-on to this central policy objective. 

 

8.1 EV positive perspective 
Policymakers who adhere to the frame that EVs sufficiently address the adverse effects of 

automobility currently focus on stimulating EV adoption. However, EV adoption is not a goal in 

itself, as the actors that adhere to this frame desire an automobility regime that performs optimally 

considering climate change, air pollution, and noise while facilitating automobility (see section 6.1). 

The way to reach this goal is to reduce ICEV use by increasing EV ownership and use without 

inducing a rebound. This might seem straightforward, but it stands in contrast to the ambitions of 

many governments (including the Dutch). Many governments set targets for the number of EVs on the 

roads, which means that a rebound effect actually helps with achieving their policy goals. In contrast, 

the policy at hand puts a ‘zero growth objective’ on car use (Anable & Goodwin, 2018), without 

strictly enforcing it to avoid limiting the freedom of automobility.  

The objective is to reduce ICEV use and increase EV adoption while limiting the rebound effect.  This 

is best achieved by subsidizing EV adoption and taxing EV use. Even if the TCO of EVs stays the 

same, EV adoption should increase this way because car purchasers disproportionately consider up-

front costs (e.g. Greene, 2010; Hagman, Ritzén, & Stier, 2017). Indeed, it makes EVs similar to 

ICEVs in economic terms, which should increase EV adoption and limit the rebound effect (Seebauer, 

Kulmer, & Fruhmann, 2019). 

In addition to EV policy, increasing ICEV taxation can increase EV adoption and pay for EV 

subsidies. Large increases in fuel prices should be avoided to avoid turning car-dependent lower-

income groups into ‘yellow vests’ (McKirdy & Vandoorne, 2018; Creutzig et al., 2020). It is 

preferable to increase the price of new ICEVs, especially those that are relatively expensive or 

polluting. It is also possible to tax carbon or increase fuel taxes while giving out ‘carbon dividends’ 

(Baker et al., 2017), i.e. returning the tax revenue to the population proportionately, which benefits 

lower-income groups as they use less fuel than average. 
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The most effective way to tax EV use is road pricing, which is considered the holy grail by many 

transport economists as it allows for geographical and temporal differentiation in pricing (Coria & 

Zhang, 2017; Joksimovic, Bliemer, Bovy, & Verwater-Lukszo, 2005). In addition, it would result in 

adequate external costs pricing18 (Aurland-Bredesen, 2017), and less regressive taxation as those who 

drive more than average pay disproportionally (Davis & Sallee, 2020). 

Another policy in this mix is the ICEV phase-out. Phasing out ICEVs rapidly means that a reduction 

in total automobility might not be necessary to achieve the climate goals (e.g. Anable & Goodwin, 

2018). It is preferable for social reasons to phase out the sales of ICEVs relatively quickly rather than 

their use because not everyone can afford new vehicles. ‘Rapidly’ would mean before 2030, 

preferably by 2025, depending on the context. 

In combination, EV acquisition subsidies, EV road pricing, ICEV acquisition taxes, and a rapid phase-

out of new ICEV sales should be able to facilitate a rapid transition towards EVs without leading to a 

large rebound effect, substantial limitations on the freedom of mobility, or a heavy economic burden 

on disadvantaged economic groups. This way, regressive taxation (Davis & Sallee, 2020; Henderson, 

2020), the underpricing of external costs (Jochem, Doll, & Fichtner, 2016; Aurland-Bredesen, 2017), 

and the erosion of the tax base and treasury (Brand & Anable, 2019) can be avoided. 

 

8.2 EV critical perspective 
From a more critical perspective, EVs are only somewhat less environmentally destructive than 

ICEVs, as they still emit particulate matter, noise (especially at high speeds) and still require 

substantial amounts of energy to produce and use. EVs still emit substantial amounts of greenhouse 

gasses in the status quo, which combined with slow EV adoption makes it unrealistic to reach the 

Paris goals through electrification only (Morgan, 2020). Transport policymakers and scientists widely 

adhere to this frame (e.g. Anable & Goodwin, 2020; Küfeoğlu & Kok Hong, 2020; Morgan, 2020). It 

considers a modal shift from ICEV to EV beneficial, but a reduction in mobility or a modal shift to PT 

or active transport even more desirable (e.g. Morgan, 2020). 

The goals in this perspective include a range of indicators (environmental, economic, and capacity-

related), which require monitoring EV adoption and reductions in ICEV ownership and use. These 

goals are achieved through reductions in total automobility, combined with EVs, PT, and active mode 

adoption.  The reduction in mobility can be set as follows: for example, for every ten ICEVs taken off 

the road, a maximum of seven EVs are adopted, while more environmentally benign mobility replaces 

the other three cars. Setting such objectives presents a turn away from scenarios dominated by 

technological solutions, in which growth in car use is usually assumed rather than problematized. In 

contrast, the EV critical perspective treats increases in automobility as an exacerbation of the 

problems associated with it. 

The EV critical perspective requires a good strategy to achieve reductions in automobility, combining 

housing, land-use, and transport policies with taxation in a way that reduces automobility and 

facilitates other modes (Buehler et al., 2016: 9). A full review of such policies is beyond this thesis, 

but examples include traffic calming, car-free zones, improved walking and cycling infrastructures, 

PT investments, and price increases for car ownership or usage (Buehler et al., 2016: 9-19). A focal 

point in such a strategy must be reducing automobility in urban environments because the 

substitutability of transport is highest, and the externalities are greatest in these areas (Buehler et al., 

 
18 Note that this clearly depends on levels of ICEV taxation. Taxation levels are lower than the marginal 

external cost in most countries, leading to too much driving (CE Delft, INFRAS, & Frauenhofer ISI, 2011). In 

many such situations, EV external costs could be approximately appropriately priced if the marginal cost of 

driving is at current ICEV levels (Jochem, Doll, & Fichtner, 2016). 
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2016; Creutzig et al., 2020). Such strategies are intricate because they require a combination of 

solutions to car-dependence and disinvestment in automobility to force a modal shift (see Buehler et 

al., 2016; Creutzig et al., 2020). For political support as well as fairness, the hypermobile must be net 

financial contributors, while lower-income and less mobile groups are net receivers (Creutzig et al., 

2020; Henderson, 2020). 

EV critical interventions can also directly target automobility quantitatively and qualitatively. A first 

way is to increase average vehicle occupancy, which would mark a reversal of the trend towards 

reduced average vehicle occupancy that has been going on around the globe given increased vehicle 

access, a reduced economic need to carpool, and declining household sizes (Millard-Ball & Schipper, 

2011; Le Vine & Jones, 2012; Shiraki et al., 2020). The effects of average vehicle occupancy must not 

be underestimated: in the Netherlands, the reduction in average vehicle occupancy in 2005-2016 

outstripped the carbon emission reductions realized by EVs until 2020 at least five times19 

(Bleijenberg, van Essen, & van Wee, 2017). 

In contrast, policymakers could also pursue vehicle right-sizing, i.e. reduce average vehicle size and 

the number of empty seats, which is perhaps more in line with declining household sizes (Shiraki et 

al., 2020). Pursuing vehicle right-sizing could reverse the environmentally destructive rise of the 

SUV, which can offset the gains from the electrification of 150 million cars worldwide (IEA, 2019). 

This could be achieved at the EU level by leveling out carbon emission standards across all vehicle 

sizes and weights20. Disproportionally taxing the sales of large vehicles is another potential policy 

pathway. For a more thorough discussion policy for this perspective, see Banister (2008), Ogra & 

Ndebele (2014), Creutzig et al. (2020), and Brand et al. (2020). 

 

8.3 EV skeptical perspective 
A third perspective on EVs is to consider them a wolf in sheep’s clothing, as EVs are a mere 

distraction from the real issue, namely that automobility needs to be reduced substantially. Supporters 

of this perspective argue that EVs are not only insufficient to deal with transport-related greenhouse 

gas emissions, noise, and non-exhaust (particulate matter) emissions, but are especially insufficient to 

deal with resource and space use, congestion, physical inactivity, traffic safety issues, and transport 

inequality. This perspective is at the intersection of inclusive mobility (Jeekel, 2018a), strong 

environmental sustainability (Moriarty & Honnery, 2008), and healthy transport (Nieuwenhuijsen & 

Khreis, 2016). It is people-centric rather than traffic flow focused (Banister, 2008), seeking to uncover 

the reasons behind the current system of car-dependence that is upheld by transport taboos (Douglas 

et al., 2011; Gössling & Cohen, 2014; Jeekel, 2018a; Mattioli et al., 2020). 

The central objective is to improve the effects of mobility in terms of traffic safety, health21, a range 

of environmental factors, and transport inequality. To achieve these goals, the central adage is 

‘reduce, shift (mode), improve’, which means that EVs are pursued as a last resort, for automobility 

that cannot be reduced or shifted to active transport of PT. 

In terms of policies, all policies from section 8.2 that stimulate active and public transport are still 

relevant. EV adoption should be stimulated only sufficiently to kick-start the transition (see Aurland-

Bredesen, 2017) after which it can be achieved entirely by increasing the cost of ICEVs. In addition to 

 
19 EVs and PHEVs together make up 2.3% of the Dutch fleet in 2020 (CBS, 2020), which means that the 

reduction in CO2 emissions due to electrification is smaller than 2.3%. Simultaneously, declining vehicle 

ownership resulted in a 7% increase in VKT in the Netherlands, despite a 5% decrease in person-kilometers in 

the same period (Bleijenberg, van Essen, & van Wee, 2017). 
20 In the EU, larger vehicles are currently allowed to emit more carbon per kilometre, which makes it relatively 

costly to manufacture small vehicles, given the strict emission standards (ICCT, 2014). 
21 E.g. percentage of the population that exercises according to daily recommendations. 
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policies from section 8.2, the focus is on even larger car-free areas in cities (Nieuwenhuijsen & 

Khreis, 2016), bans on road infrastructure and construction along highways (Jeekel, 2018a), 

reductions in parking space, and heavy investment in Mobility as a Service (MaaS) with carpooling 

and car-sharing (Jeekel, 2018a: 181-4). In contrast to the previous perspective, car sharing and 

carpooling can be ‘forced’, for example by banning or pricing the use of cars in cities without 

passengers.  Note that this radical approach (Jeekel, 2018a) also requires an ideological and a cultural 

shift from economistic, neoliberalist, and individualist frames to more collectivist and ecological 

frames (Jeekel, 2018a: 175). Such an EV skeptical policy pathway would result in a radical change in 

transport at the national and local level, one far more radical than the EV transition itself. 

The three pathways are summarized in Table 6. Note that this chapter does not feature a conclusion, 

as this table summarizes the findings sufficiently. This marks the end of the result section as the next 

chapter will feature the conclusion.  

 

Table 6: the three policy pathways in terms of their view on EVs and the (reasons behind their) central 

objective, as well as the policies that are central to them. Source: own work. 

Position EV Positive EV Critical EV Skeptical 

View on EVs EVs ‘fix’ the 

problems of 

automobility 

EVs provide a partial 

solution to the problems of 

automobility 

EVs are a wolf in 

sheep’s clothing 

that distracts from 

the real solutions 

Reasons behind the 

central objective 

Facilitate 

automobility and 

reduce CO2 

emissions, noise, and 

air pollution 

Reduce CO2 emissions, 

noise, and air pollution; 

address ‘capacity issues’ 

Reach healthy and 

inclusive 

transport. 

Central objective Quickly transition to 

EVs while limiting 

the rebound effect 

Quickly transition to EVs 

and reduce total automobility 

Reduce total 

automobility 

Approximately 

desirable reduction in 

automobility 

None About 30% About 60% 

Policies to achieve central objective 

EV subsidies Yes Some None 

Road pricing Only to increase the 

marginal cost of EVs 

to ICEV level 

For EVs and potentially also 

for ICEVs 

For EVs and for 

ICEVs 

ICEV disincentives Increase price of new ICEVs and rapid phase-out 

Increase stimulation of 

active and public 

transport 

Not necessarily  Yes 

Restricting road 

transport investments 

No Somewhat Yes 

Intervening in car use No Steering with housing, land-

use, and transport policies; 

traffic calming and priority 

for active and public 

transport; soft push towards 

carpooling and car sharing 

As previous, plus 

reducing parking 

space; hard push 

towards 

carpooling and 

car sharing 

Car-free cities No Small areas Large areas 
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9. Conclusion 
This thesis investigated how the electrification of automobility changes the automobility regime and 

the role of governance therein. This was investigated using multiple literature reviews, a systematic 

review, and a discourse analysis. The changes were conceptualized and studied in two dimensions, 

namely qualitative and quantitative change. By looking at the process of governance (socio-technical 

imaginaries) and its outcomes (policies), this thesis also investigated the extent to which these 

findings are attributable to governance. The final chapter set out three different avenues for ‘desirable’ 

policy, based on the policy-related findings. 

Each results chapter (4-8) answered an RQ. However, the findings can be combined to answer the 

main RQs (MRQs) and synthesize the results (section 9.1). In addition, a range of theoretical insights 

as well as limitations and further research are discussed (sections 9.2 and 9.3). In this first part, the 

MRQs are answered based on a short recap of the RQs. The first MRQ is the following, which will be 

answered starting from RQ1.1: 

MRQ1: To what extent will the electrification of automobility change automobility? 

RQ1.1: To what extent will the electrification of automobility change automobility qualitatively? 

 

Based on a literature review, sections 4.1-4.5 showed varying degrees of change in five dimensions.  

The analysis reveals that vehicles are the most stable element of the investigated dimensions, as 

section 4.2 showed only substantial changes in vehicle range. Infrastructure and auto space as well as 

culture fit-and-conform the automobility regime in some parts while stretching-and-transforming it in 

others. Electrification stretches user practices slightly more, while the largest degree of change was 

observed in industry structures. The outermost observations differ substantially from each other: while 

the structure of auto space remains mostly intact, the energy supply chain is disrupted substantially. 

Fossil fuel companies are under severe threat if they do not make the transition from oil to electricity. 

This confirms the hybrid pattern discussed by Mylan et al. (2019) because that certain elements of 

automobility are stretched-and-transformed substantially more than others. Note that the changes are 

not linear, so that an element that is currently fit-and-conform, could easily be stretched-and-

transformed in five years (see Geels, 2005a). The analysis adds to the literature on changes caused by 

EVs (Augenstein, 2015a; Kester et al., 2020), the theory on transitions and hybrid patterns, and 

various conceptualizations of ‘automobility’. In contrast to previous works on the topic, more 

literature was reviewed and the difference between qualitative and quantitative change was made 

explicit (compare Augenstein, 2015a; Kester et al., 2020). 

In addition to qualitative changes, quantitative changes were investigated: 

RQ1.2: To what extent will the electrification of automobility change automobility quantitatively? 

 

This RQ was investigated using a systematic review of EV rebound effects in combination with a 

literature review on the EV behavior literature. The findings, outlined in chapter 5, showed evidence 

for both reduced automobility and increased automobility. In terms of reduced automobility, 

environmentally benign driving behavior was observed, as was increased environmental awareness 

and various forms of trip adaptation behavior when range is insufficient, often with environmentally 

beneficial outcomes. On the other hand, many studies report increased automobility through increased 

car ownership, a modal shift from active and public transport to the car, and increased VKT. There is 

more evidence for increased automobility than for a reduction, given that there are not only more 

studies that show evidence for an increase, but also because the few studies that do attempt to measure 

both reductions and increases find that the increases outweigh the reductions. This net increase seems 

to be partially psychological in nature and partially driven by economic factors. Unfortunately, the 



79 

 

reviewing methods for each section differ, and the bodies of literature overlap only partially so that 

this conclusion is preliminary. Several authors before me have argued that EVs lead to increased 

mobility (Holtsmark & Skonhoft, 2014; Henderson, 2020; Kester et al., 2020), but this thesis is the 

first to review both bodies of literature to be able to draw this preliminary conclusion (to my 

knowledge). Together, these perspectives allow for answering MRQ1: 

MRQ1: To what extent will the electrification of automobility change automobility? 

 

Based on two literature reviews and a systematic review of the rebound effect literature, it can be 

concluded that the electrification of automobility causes both qualitative and quantitative changes in 

automobility. The qualitative changes show a hybrid pattern, as some elements are stretched-and-

transformed substantially more than others. The quantitative changes work in a single direction, 

where the preliminary conclusion is that it is likely to increase total automobility, given that the 

evidence for the rebound effect outweighs that for reductions in driving. 

Now that the first main question is addressed, MRQ2 can be addressed, starting with RQ2.1: 

MRQ2: To what extent can the changes observed in MRQ1 be attributed to governance? 

RQ2.1: What socio-technical imaginaries can be identified behind the transition towards electric 

automobility in the Dutch context? 

 

A discourse analysis of ‘socio-technical imaginaries’ in the Dutch context was conducted to answer 

this RQ (chapter 6). This analysis covered 41 documents in total, of which 31 were written at the 

national level and ten at the urban level. The analysis revealed two discourse coalitions: one at the 

national level, which three local governments also adhere to, and one that consists of eight 

municipalities. At the national level, EVs are almost universally discussed positively in Dutch policy 

circles. This way, the documents focus on the benefits of electrification (e.g. climate change) rather 

than the problems that remain after electrification (e.g. space use). Electrification is imagined as a 

‘user choice transition’, i.e. a transition that requires the enticement of current ICEV users to shift to 

EVs. However, it is unclear if EV adoption or a shift towards more sustainable modes of transport can 

be achieved with ‘carrots’ only. Another important observation is that EVs are framed as ‘ICEVs with 

adoption barriers’ rather than ‘different’ vehicles. The discourse coalition of eight municipalities 

shows a willingness to challenge the right to unlimited automobility, even if this goes against the user 

choice transition. These findings are mostly in line with the literature (Temmes et al., 2013; 

Augenstein, 2015a; Bergman, Schwanen, & Sovacool, 2017; Ryghaug & Toftaker, 2016). The 

novelty in this thesis comes from the contrast between the national and local governments. 

 

Such socio-technical imaginaries and discourses are part of the governance process, but it is the actual 

policies that affect automobility: 

 

RQ2.2: To what extent are the observed quantitative and qualitative changes in automobility 

mediated by policymaking in the transition towards electric automobility? 

 

The literature review in chapter 7 discussed various EV stimulation and ICEV demand-side policies, 

starting from a quantitative perspective. The literature shows that many EV stimulation policies lead 

to a rebound effect, where the policies that subsidize usage lead primarily to increased use, while the 

policies that subsidize acquisition lead to a vehicle ownership rebound. In contrast, ICEV demand-

side policies reduce the sales and use of ICEVs while leading to a less-than-proportional increase in 
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EV adoption, thereby reducing total automobility. Still, most policymakers in the EV transition rely 

heavily on ‘carrots’ rather than ‘sticks’. This way, not only do such EV policy mixes lead to increased 

mobility, but they also lock countries into contemporary (high) levels of automobility (Berkeley et al., 

2017). In addition, the qualitative effects were investigated. As the literature is very thin, a few ways 

in which EV policy can change automobility were noted. For example, ICEV driving bans in cities 

were argued to spur a geographical redistribution of vehicles, as those who own an EV but do not 

drive in such cities can sell their vehicles for a relatively high price. The novelty in the quantitative 

findings lies in connecting these policies to discourses on the one hand and the observed changes in 

automobility on the other. In contrast, studying qualitative findings is itself novel, as most of the 

effects are hardly discussed in the EV literature. 

Together, the results from RQ2.1 and RQ2.2 allow for answering MRQ2: 

MRQ2: To what extent can the changes observed in MRQ1 be attributed to governance? 

 

The discourse analysis in chapter 6 showed that Dutch (national) policymakers treat electric 

automobility primarily as a technological fix that substitutes ICEVs with EVs to sustain contemporary 

levels of automobility in the light of climate change. Countries rely mainly on the subsidization of 

EVs rather than ICEV demand-side policies such as carbon taxes and ICEV bans (chapter 7) to entice 

users to adopt EVs (chapter 6). EV stimulation policies lead to a rebound effect (chapter 7), which 

means that the total amount of automobility should increase, ceteris paribus. More generally, chapter 

7 showed that several of the changes in automobility are attributable to policy, which means that 

policymakers have more agency in this transition than they perhaps realize.  

Based on these findings, chapter 8 answered the third RQ: 

RQ3: How can policy be used to steer the electric automobility transition in qualitatively and 

quantitatively desired directions? 

 

In chapter 8, three desired perspectives on EVs were developed: an EV positive, EV critical, and EV 

skeptical view. In all three perspectives, the objective is to reduce the number and use of ICEVs, 

rather than increase the number of EVs, which has a perverse incentive to induce a rebound effect. 

From the EV positive perspective, reductions in ICEVs are to be achieved through EV adoption. This 

is achieved using EV acquisition subsidies, ICEV acquisition taxes, and a rapid ICEV phase-out. 

Additionally, it requires pricing EV use to prevent both a rebound effect and hitting lower-income 

groups economically. In contrast, the EV critical perspective combines the transition to EVs with a 

focus on reducing mobility and increasing the use of active and public transport (see section 8.2). This 

way, it attempts to replace every 10 ICEVs with 7 EVs, for example. Finally, the EV skeptical 

perspective argues that EVs are a wolf in sheep’s clothing as EVs do not address physical inactivity, 

space use, and transport inequality. For this reason, this perspective argues that automobility should 

be reduced first and foremost, using policies such as car-free cities, bans on investments in the car, 

and investments in active and public transport as well as car-sharing and carpooling. This perspective 

achieves increased EV adoption entirely using ICEV demand-side policies. 
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9.1 Synthesis 
The results from MRQ1, MRQ2, and RQ3 should not be treated as findings to individual, separate 

RQs, but as a chain (see Figure 19). This chain starts with EV policy discourse and socio-technical 

imaginaries of electric automobility. These imaginaries and discourses are used to shape EV policy. In 

turn, these EV policies affect automobility in intended and unintended ways, which can be measured 

in the actual outcomes. In synthesis, this allows for reflecting upon the desirability of EV policies and 

their underlying discourses. This reflection can be used to scrutinize the EV policy process, as 

illustrated in Figure 19. This figure shows the importance of simultaneously analyzing changes in the 

(automobility) regime and the actors involved in such changes, which is a novel addition to the 

literature made in this thesis. Note that various other forms of agency and various feedback loops are 

present in this transition, so this EV governance chain is only a part of the total observation. 

Chapter 6 showed the existence of two Dutch discourse coalitions. The national discourse coalition 

(which includes three cities) adheres to the EV positive perspective. However, in contrast to the EV 

positive perspective (section 8.1), contemporary policy is likely to lead to a significant rebound effect. 

In contrast, eight urban areas form a coalition that adheres to an EV critical perspective as they are 

willing to discuss reductions in automobility on top of electrification, which confirms that they are 

‘beacons of hope’ for sustainable mobility (Jeekel, 2018a, b). Below, I will briefly discuss what would 

happen if national governments also adopt the EV critical perspective. 

 

 

Figure 19 (same as Figure 5): The central framework of this study, including the RQs. Source: own work 
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If national governments adopt the EV critical discourse, there would be a shift in focus from 

facilitating automobility and enticing sustainable mobility towards more critical stances that set limits 

to automobility in the light of spatial and environmental concerns. This discursive shift would broaden 

their sustainable mobility toolkit from relying almost entirely on EV subsidies towards a toolkit that 

allows for policies that ‘force’ a degree of modal shift towards active modes and PT, such as car-free 

cities. In addition, EV policy would not have to revolve around incentives but can include a list of 

ICEV demand-side policies, such as a rapid ban on the sale of new ICEVs and increases in fuel or 

carbon taxes. This shift would mark a departure from steering towards the bottom-right in the box on 

the left of Figure 19 to steer towards the bottom-left instead. In other words, a move from ‘more 

dominant, different automobility’ to ‘less dominant, different automobility’. 

If the pursuit of electric automobility is genuinely intended as a pursuit of sustainability, policymakers 

are advised to intervene in this transition in more sustainable ways. Even though the ‘EV positive’ 

perspective is a step-up from many current EV policy mixes, including the Dutch, it runs the risk of 

failing to meet the Paris climate goals (Anable & Goodwin, 2019; de Blas et al., 2020) and does not 

address the other drawbacks of automobility (as discussed in section 2.5). The safest and most reliable 

path towards climate change mitigation is EV critical or even EV skeptical: a strong reduction in 

carbon emissions during the transition towards EVs, in favor of PT, active modes, and less mobility 

(Harrabin, 2019; de Blas et al., 2020). This perspective requires a redefinition of the problem, which 

currently revolves around ‘enticing sufficient ICEV drivers to adopt EVs’ (see section 6.2). Rather, 

EVs should be placed in a system in which mobility facilitates the needs of the entire existing 

generation without compromising the needs of future generations (see Brundtland et al., 1987 and 

Holden, Linnerud, & Banister, 2013). 

Adopting an EV critical or even an EV skeptical perspective would allow for even more substantial 

reductions in carbon emissions (de Blas et al., 2020), noise, and air pollution. Furthermore, it allows 

for a focus on physical (in)activity (Jones, 2019), traffic safety, the street as a place (Banister, 2008), 

and inclusive mobility (Jeekel, 2018a, b). The seeds of such a redefinition of the central issue are 

already observable at the urban level (see chapter 6), at least in the Dutch context. In many contexts, 

including the Dutch, it is questionable whether cities can achieve sustainable mobility without 

cooperation from the national level, given a lack of intervention capacity and budget. 

 

9.2 Theoretical insights 
In this study, several novel theoretical insights were made, which contribute to multiple bodies of 

literature and frameworks. Below, I will first discuss seven contributions to the literature on socio-

technical transitions, although the final two are somewhat loosely related to this literature, as they are 

about quantitative changes in automobility and socio-technical imaginaries, respectively. 

First of all, this thesis provides deeper insight into what ‘automobility’ is and the study of how it 

changes, building on Geels (2002; 2012), Urry (2004), Kester et al. (2020), and Müller & Frenzel 

(2020). I assert that the novel characterization of ‘automobility’ is not so much better than previous 

perspectives, but that each perspective provides different insights (compare Kester et al., 2020). The 

characterization works specifically for studying electrification and perhaps for autonomous driving. In 

contrast, it would work less well for studying car-sharing or carpooling, for example, given the focus 

on vehicles. 

Secondly, chapter 4 provides a deeper understanding of how regimes fit-and-conform and stretch-and-

transform during transitions (building on Geels, 2005a; Smith & Raven, 2012). By investigating these 

two forms of change on five elements and sub-elements of automobility, it was found that 
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electrification stretches-and-transforms some dimensions (e.g. the energy supply chain) more than 

others (e.g. the structure of auto space). This way, the hybrid pattern that was discussed by Mylan et 

al. (2019) is confirmed in a very different transition than their study of plant-based milk. 

Thirdly, it was argued in section 4.6 that Geels & Schot’s (2007) seminal transition pathways do not 

account for the policy-driven nature of various transitions. The EV transition was argued to be a 

‘policy-driven reconfiguration pathway’. I characterize this transition in the following ways: OEMs 

make the transition somewhat slowly to preserve profits from the old regime and lobby against too 

rapid change while simultaneously diversifying into the new technology to survive the transition, 

especially in the light of newcomers such as Tesla. 

Fourthly and relatedly, this thesis contributes to the literature on socio-technical transitions by 

studying change from the regime perspective, which is rare in the literature (Turnheim & Geels, 2012; 

Geels, 2014). Most studies ‘from the regime’ or ‘from the flipside’ focus on regime destabilization 

(e.g. Turnheim & Geels, 2012; Leipprand & Flachsland, 2020), while this thesis studied the 

automobility regime as an entity that is changed but not entirely displaced during the transition 

towards EVs. Note that this is appropriate precisely because the EV transition is characterized as a 

reconfiguration pathway. Only recently, the identification of ‘incumbent-led transitions’ has taken 

place in the literature (Hess, 2020), with multiple authors identifying that incumbents are disinvesting 

in their traditional business and investing in renewable technologies to various degrees (Kungl, 2015; 

Wells, Wang, Wang, Liu, & Orsato, 2020; Turnheim & Sovacool, 2020). This thesis thus implicitly 

addressed a call to explore the range of ‘incumbencies’ out there (Turnheim & Sovacool, 2020), as 

electric automobility is both a form of incumbency and novelty. 

The fifth insight into the transitions literature relates to policy analysis, which answers recent calls for 

more policy study in transitions (Rogge & Reichardt, 2016; Geels, 2019; Rogge, Pfluger, & Geels, 

2020) by building on the burgeoning literature on policy mixes for transitions (e.g. Rogge & 

Reichardt, 2016). This thesis had a novel focus by not focusing on niche effects of policies (such as 

EV diffusion) but on regime effects to see whether automobility changes. To this end, I studied the 

unintended side effects (i.e. the rebound effect) that come along with the heavy use of ‘carrots’ for 

transition policymaking. 

Another theoretical finding relates to quantitative changes in automobility. A literature review made 

apparent that these are covered in two bodies of literature: on the one hand, the literature that 

discusses the usage of EVs, in some cases (most notably the works of Ryghaug), improved 

environmental behavior. On the other hand, the literature on the psychological and environmental 

rebound effect investigates whether EV adoption results in increased automobility. The 

incompatibility of these two bodies of literature is problematic, as both conclusions (more and less 

driving) cannot hold in the same context. For this reason, directions for further research are discussed 

in section 9.3. 

The third set of theoretical insights is related to socio-technical imaginaries. I discern four relevant 

points of contribution to this literature, which can also be studied in other (transition) contexts. The 

first contribution is the study of differences between policy levels, in this case, between governance at 

the national and local levels. The second contribution is the confirmation of previously observed 

‘positivistic’ discourses (Soutar & Mitchell, 2018; Tozer & Klenk, 2018: 179), meaning that the 

drawbacks of the transition are ignored in the discussion. The third contribution is to study what is not 

discussed, such as the implicit assumption that EVs are like ICEVs with adoption barriers. The final 

observation is that the Dutch national government reduces the EV transition to a management issue, 

thereby excluding other potential futures, such as increased active or public transport. 
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9.3 Limitations and further research 
This research has several limitations, of which some but not all can be overcome in future research. 

Below, I will discuss five (sets of) limitations that each relates to a specific subtopic. 

The first limitation relates to the broad focus of this thesis that was set out in the central framework 

(section 2.1). Given data unavailability, the links between Dutch EV policy discourse (RQ2.1) and 

policy (RQ2.2) as well as observed changes (MRQ1) cannot be established directly, as there is a scale 

jump from the Dutch level (RQ2.1) to a perspective mainly based on research in European countries 

and the USA (RQ2.2). For this reason, this research should be treated as hypothesis-generating, while 

further research should test the links between EV governance discourse and EV policies, as well as 

the link between EV policies and changes in automobility that come along with it. How this can be 

investigated further will be discussed in further detail below. 

The second set of limitations relates to studying changes in automobility. Each characterization of the 

automobility regime requires trade-offs, which makes the delimitation at hand different from Kester et 

al. (2020), Geels (2002), Augenstein (2015a), and Müller & Frenzel (2020). These trade-offs make it 

valuable to keep ‘adding’ perspectives, which provide different, additional insights, that sometimes 

contradict each other (compare Kester et al., 2020). The results in chapter 4 are time-dependent, given 

that (electric) automobility is in flux: the EV regime has not reached full structuration (Geels, 2002), 

and EV culture has not reached ‘closure’ yet (Pinch & Bijker, 1984) which means that automobility 

will look different in 2025 and different again in 2030. It is likely that frames of novelty start to break 

down as electric automobility starts to consolidate in the years to come. Monitoring such 

developments through research similar to this and Kester et al.’s (2020) research is vital to understand 

automobility going forward. Note that the study of changes in regimes during transitions is not limited 

to automobility but that such changes can be studied fruitfully in other transitions as well. 

There is also a lot of empirical study required to add to the studies that were reviewed in chapter 4. 

These can be read through the lines in that chapter; one specific example is to study whether EVs 

change the relation between chauffeuring children and gender (e.g. Solá, 2016). For example, when a 

household owns both an EV and an ICEV, it is interesting to study which vehicle is used by which 

parent to chauffeur children (e.g. to school or football) and by which parent, to see whether the EV or 

the ICEV is appropriated as the ‘family car’. 

The third set of limitations concerns the rebound effect. I will first discuss the methodological issues 

with the review in this thesis, followed by methodological issues with the reviewed studies, each with 

their own suggestions for further research. The review conducted in this thesis was semi-systematic, 

as the EV rebound effect was reviewed systematically while the EV behavior literature was found to 

be too diffuse to systematically review so that it was unsystematically reviewed. The unsystematic 

review runs the risk of overlooking evidence for the latter category, which could bias the conclusion 

towards the rebound effect literature. The systematic review did not identify all relevant studies, so 

snowballing was used in addition, which shows that the retrieval rate without snowballing was not 

satisfactory. One could also argue that it is too early for a review, given that the conclusions were not 

strong enough to settle the arguments. However, the review was necessary to comprehend the gaps in 

the literature and point out where more research is necessary. It is advisable to wait until a few more 

publications are published before conducting another review on both bodies of literature. The review 

would benefit from using a larger number of search terms than this thesis. 

The studies reviewed in this thesis also allow for substantial methodological improvements. Much 

research on EV user behavior rather unsystematic as they are based on stated choice experiments, in 

many cases with the question steering in a single direction (e.g. ‘did you drive your EV more’). Most 

studies do not take selection bias into account, even though there is “a non-random selection into (i) 

car ownership in general, and (ii) into EV ownership among car owners” (Habla, Huwe, & 
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Kesternich, 2020: 8). Few studies look at cause and effect or discuss how EV behavior is different 

from ICEV user behavior or ‘a world without EVs’ (the counterfactual). The first step for 

improvement is looking at increases and reductions simultaneously to allow for unbiased conclusions; 

this holds for both the EV rebound literature and the EV behavior literature. A small number of high-

quality studies investigating both the causes and effects systematically and holistically would be 

sufficient to draw reliable conclusions. These studies should include both the psychological and 

economic rebound effect. They should map increases and reductions in car ownership, car use, and 

modal shifts simultaneously. Ideally, such research should be conducted in multiple contexts at once 

for cross-comparability. The studies can be split up into the macro (the overall effects and their scale) 

and micro-level (the drivers of the effect).  

Two potential additional avenues for further research into the EV rebound effect are discerned. First 

of all, a differentiation can be made with regards to social groups. Differentiating by social group is 

more sophisticated than differentiation by age, gender, and income, as innovation and environmental 

behavior are social traits (see Hinkeldein, Schoenduwe, Graff, & Hoffmann, 2015). Rudolph (2016) 

uses such differentiation to study the EV rebound effect, but this research only briefly discusses it. A 

second potentially interesting investigation is into the ‘quality rebound effect’ (Craglia & Cullen, 

2019) concerning EVs. This effect describes the purchase of more expensive and often less 

environmentally benign vehicles as a rebound effect. It is quite possible that those who purchase EVs 

purchase larger or less efficient vehicles on average, which could be caused by the economic rebound 

effect or the psychological one (‘I am driving electric, so I can now purchase an SUV’). Both 

qualitative and quantitative research are of use for the quality rebound effect. 

The fourth set of limitations relates to the discourse analysis that I conducted. Discourse analyses 

always contain a degree of subjectivity based on the researcher’s perspective despite attempts to 

minimize bias (Bazeley, 2009). For example, two discourse coalitions were identified, even though 

another researcher would perhaps identify three or argue that there is too much overlap to speak of a 

discourse coalition. A triangulated procedure with multiple researchers could overcome this bias, 

although this is not an option for a student thesis. Secondly, there is a drawback concerning the real-

world impact of these discourses, which was largely assumed in this research, following Jasanoff & 

Kim (2009), Tozer & Klenk (2018), and Bergman, Schwanen, & Sovacool (2017: 172). However, the 

extent of the influence of discourse on the policy process itself deserves study (Kern & Rogge, 2018). 

This influence is best studied by tracking both discourse and the policy process to see how decisions 

are made based on discourse or how discourse is mobilized to justify decisions (Rogge & Reichardt, 

2016; Kern & Rogge, 2018). It must be noted that research of this nature is rather intricate, for which 

reason it is perhaps understudied. Another topic of future study is to analyze the implications of the 

differences in discourse between the (Dutch) national and urban government(s), to investigate whether 

urban areas have sufficient leverage to implement sustainable mobility rather than technological fixes. 

Note that discrepancies in discourses between the local and national levels could also be studied 

concerning other transitions. 

Another question is whether technologies in other transitions are imagined in similar ways as EVs, 

which are considered ‘ICEVs with adoption barriers’. For example, it can be studied whether solar 

panels and wind turbines are considered ‘power plants with contingency’ rather than unique systems 

with benefits and drawbacks. At the same time, it can be studied whether ‘other’ futures are 

disregarded similar to a ‘sustainable mobility future’, for example by studying whether reduced 

energy consumption futures are disregarded in favor of producing more renewable energy. 

The final limitation is related to the side effects of EV policies (see chapter 7): there is a severely 

limited number of studies that discuss or investigate these effects. To overcome this limitation, I 

suggest three avenues for further research into the side effects of EV policies. First of all, the effects 

of EV policy mixes can be compared in a before-and-after comparison. If a country changes its EV 
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policy mix, the rebound effect can be monitored before and after the change, to see if policies coming 

into effect are correlated with a change in the rebound effect. This methodology does run a risk of 

identifying spurious correlations, given that time is a confounding factor, but such confounds are also 

present in the status quo. Secondly, the effects of EV policy mixes can be compared between two 

different contexts (e.g. countries or states) to see if a country with, for example, more generous 

subsidies also show a larger rebound effect. With this method, caution should again be taken to 

consider potential confounding variables, yet this is unavoidable given the nature of economic, 

correlation-based research. A third way is to combine these two methodologies by monitoring two 

countries in a before-and-after comparison, where one country implements a policy at a given point. 

Such an analysis allows for investigating whether the rebound effect changes significantly relative to 

the other country. In combination, this would allow for a degree of control over temporal as well as 

contextual rebounds. However, monitoring should begin before the implementation (or, better still, 

the announcement) of new EV policies, even though the implementation of which cannot be predicted 

by the researcher. In addition to studying the side effects of EV policies, studying such side effects for 

other transition policies can also deliver fruitful research.  
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Figure A1: EV sales in Europe by model for the period 2010-2017. A shift from small vehicles to large vehicles is the most significant change, especially in the period 2010-

2015. Source: Tsakalidis & Thiel, 2018. 
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Table A1: overview of analyzed documents in the Dutch policy context, including their literal English 

translation. 

 Document name Year Main author 

1 Schets mobiliteit naar 2040 (Sketch mobility 

to 2040) 

2019 Ministry of Infrastructure and Waterworks 

2 Ontwikkeling mobiliteit (Mobility 

development) 

2020 NL Environmental Assessment Agency 

(PBL) 

3 Maak elektrisch rijden groot (Make electric 

driving big) 

2016 The Netherlands Electric 

4 Rijden op elektriciteit, waterstof of bio-

brandstoffen, wat wil de automobilist? 

(Driving on electricity, hydrogen, or 

biofuels: what does the driver want?) 

2012 NL Environmental Assessment Agency 

(PBL) 

5 Nieuwe elektrische vervoersconcepten in NL 

(New electric mobility concepts in the 

Netherlands) 

2013 NL Environmental Assessment Agency 

(PBL) 

6 Focusgroepen duurzame mobiliteit & droogte 

(Focus groups sustainable mobility and 

drought) 

2019 Ministry of Infrastructure and Waterworks 

7 Kansrijk mobiliteitsbeleid 2020 (Promising 

mobility policy 2020) 

2020 NL Environmental Assessment Agency 

(PBL) 

8 Werkgelegenheid door elektrisch vervoer in 

2020 (Employment through electric transport 

in 2020) 

2015 CE Delft 

9 Regeerakkoord 2017-2021 ‘Vertrouwen in de 

toekomst’ (Coalition agreement 2017-2021 

‘confidence in the future’) 

2017 National coalition government 

10 Nationale Agenda Laadinfrastructuur 

(National charing infrastructure agenda) 

2018 Ministry of Infrastructure and Waterworks 

11 Stimuleren van elektrisch rijden, effect van 

enkele beleidsprikkels (Stimulating electric 

driving, effect of some policy incentives) 

2016 NL Environmental Assessment Agency 

(PBL) 

12 Meerjarige Missiegedreven 

Innovatieprogramma Duurzame Mobiliteit 

(Multi-year mission-oriented innovation 

program sustainable mobility) 

2019 Ministry of Infrastructure and Waterworks 

13 Verzilvering verdienpotentieel elektrisch 

vervoer (Cashing in on the earning potential 

of electric transport) 

2015 Netherlands Enterprise Agency 



110 

 

14 Energieakkoord voor duurzame groei 

(Energy agreement for sustainable growth) 

2013 Social-economic council (SER) 

15 Met de stroom mee, het stimuleren van 

elektrisch rijden (With the current, 

stimulating electric driving) 

2020 Ministry of Infrastructure and Waterworks 

16 Elektrisch rijden in 2050: gevolgen voor de 

leefomgeving (Electric driving in 2050: 

effects on the living environment) 

2012 NL Environmental Assessment Agency 

(PBL) 

17 Terugblik en vooruitblik op het beleid voor 

elektrisch vervoer (Looking back and 

looking forward on electric transport policy) 

2016 Kwink groep 

18 Handreiking klimaatbeleid en duurzame 

mobiliteit voor gemeenten en provincies 

(Guide for climate policy and sustainable 

mobility for municipalities and provinces) 

2011 Netherlands Enterprise Agency 

19 Implications of innovative options for 

transport on the level of the energy system 

2013 NL Environmental Assessment Agency 

(PBL) 

20 Achtergronddocument effecten ontwerp 

klimaatakkoord: mobiliteit (Background 

paper effects draft climate agreement: 

mobility) 

2019 NL Environmental Assessment Agency 

(PBL) 

21 Oefenen met de toekomst (Practicing with 

the future) 

2019 NL Environmental Assessment Agency 

(PBL) 

22 Amsterdam aantrekkelijk bereikbaar 

(Amsterdam attractively accessible) 

2013 Municipality of Amsterdam 

23 Aanpak Nul Emissie Mobiliteit, Naar 

uitstootvrije stedelijke mobiliteit (Approach 

zero emission mobility, towards emission-

free urban mobility) 

2019 Municipality of Rotterdam 

24 Hoofdlijnenbrief mobiliteitstransitie (Main 

aspects of the mobility transition) 

2019 Municipality of The Hague 

25 Programma Duurzame Mobiliteit 

(Sustainable mobility program) 

2020 Rotterdam-The Hague Metropolitan Area 

26 Utrecht Aantrekkelijk en Bereikbaar: 

Actieplan Schoon Vervoer (Utrecht attractive 

and accessible: action-plan clean transport) 

2015 Municipality of Utrecht 

27 Eindhoven op weg (Eindhoven on its way) 2013 Municipality of Eindhoven 

28 Mobiliteitsaanpak Tilburg, Samen op weg 

naar 2040 (Mobility approach Tilburg, 

together towards 2040). 

2016 Municipality of Tilburg 
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29 Visie Openbare Laadinfrastructuur 

Groningen 2025 (Vision public charging 

infrastructure Groningen 2025) 

2019 Municipality of Groningen 

30 Verkenning Mobiliteitstransitie Groningen 

(investigation mobility transition Groningen) 

2019 Municipality of Groningen 

31 Mobiliteitsvisie Almere 2020-2030 (Mobility 

vision Almere 2020-2030). 

2020 Municipality of Almere 

 

Overview of codes and themes 
The codes and themes were grouped together as visualized in Figure A2. The list of codes and themes 

is shown in Table A2. The overview is as follows. The largest group (green in Figure A2) consists of 

‘reasons to pursue electrification’, which is counterbalanced by a small group (red) of nuances to 

these reasons. A slightly smaller group of arguments (blue-left) stresses the importance of 

automobility by linking automobility with the economy and social participation. These are 

counterbalanced by elements of ‘sustainable mobility’ (purple). A third group of elements (orange-

left) discusses the wider effects of automobility, which are counterbalanced by visions of 

technological substitution (blue-right), in which EVs are framed very similarly to ICEVs. Relatedly, a 

group of ‘barriers’ to electrification was identified (orange-right), some of which stem from ICEV 

characteristics, while others are related to the small market share of EVs. Fourthly, socio-

psychological factors to adopt EVs were identified (brown), which are counterbalanced by arguments 

of ‘rational consumers’ (yellow). Finally, ‘other options’ than EVs (grey) were found and kept track 

of. 
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Figure A2: An overview of codes and themes, as abstracted from Nvivo. Source: own work.
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Table A2: a list of codes and themes (in bold) codes in Nvivo, showing the number of files that contain the code 

(Files) and the number of times that it has been coded in total (References). Source: own work. 

Name Files References 

Automobility linked with economy; underpins way of life 9 12 

Accessibility 11 22 

Congestion matters 6 17 

Hypermobility not problematic (implicit) 2 3 

Increase in mobility (autonomous) 7 15 

Infrastructure-flow 10 36 

Market-based transition 1 2 

Mobility will increase 2 4 

Mobility-economy tie 10 33 

Narrow economic policy 1 1 

Stable behavior 9 21 

Technological fix 16 36 

EVs are the main measure for CO2 3 3 

Socio-technical optimism 3 9 

Technology develops fast 1 2 

The Netherlands AV frontrunner 2 3 

Transport emissions hard to reduce 1 1 

Travel speed matters 4 8 

User choice transition 17 51 

Users are central 7 12 

Without EVs, climate and air quality goals will not be met 3 3 

Barriers 5 7 

Barriers should be removed 2 4 

Battery uncertainty 1 1 

Capital requirements are too high 1 1 

Charging not possible everywhere 9 17 

Charging takes too long 9 16 

Consumers do not want EVs 5 13 

Price is too high 10 23 

Range is too little 8 20 

Regime resistance 2 2 

Too few EV models 4 7 

Towbar 1 2 

Uncertainty about depreciation 3 6 

Uncertainty about quality 1 1 

Other options than EVs 0 0 

Battery swapping 2 2 

Biofuels 9 16 

Hydrogen 8 9 

Rational consumer 8 14 

Homo economicus 2 3 

Informed consumer 1 1 

Mobility is supply and demand 1 1 
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Reasons to pursue electrification 0 0 

Air quality 19 47 

Carbon emissions 29 81 

Carbon-nationalism 2 2 

Contra hydrogen 1 1 

Economic 9 15 

Added value 3 5 

Business climate 3 3 

Business climate for green companies 2 2 

Earning potential 5 17 

Green growth 7 18 

International competition (economic) 3 6 

Investment 1 1 

Jobs 10 23 

The Netherlands EV frontrunner 9 25 

Trade 7 16 

Efficiency 4 4 

Energy saving 7 10 

Environmental 5 7 

Health 10 19 

Independence from foreign oil 9 13 

Livability, urban quality 17 40 

Noise 12 23 

Stimulate innovation 5 13 

Reasons to pursue nuance 0 0 

Air quality nuance 1 2 

Safety 2 2 

Space use 8 20 

Tension between mobility and environment, livability 1 1 

Socio-psychological factors 6 8 

Context matters 3 5 

EVs for psycho-social reasons 0 0 

Consumers find the environment important 3 7 

EVs as positive, different products 2 2 

Signal who you are 1 2 

Signaling environmental care 1 1 

Signaling innovativeness 1 1 

Social influence 5 7 

Status 3 7 

Heterogeneous consumers 2 3 

Limited rationality 5 8 

Information spreading 7 9 

Unconscious consumer 1 1 

Uninformed consumer 3 10 

Too technologically focused 2 2 

Sustainable mobility 16 52 
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Contra biofuels 2 2 

Contra infrastructure-flow 4 5 

Demand management 1 1 

EVs are not sustainable enough 2 3 

From ownership to usage 1 4 

Goals before freedom 1 1 

Less mobility & modal shift 7 10 

Light electric vehicles 8 12 

MaaS 11 18 

Making EVs cheaper, ICEVs more expensive 5 10 

Mobility justice 8 18 

Modal shift 17 43 

Multimodality 7 18 

Parking policy 10 13 

Problematization of hypermobility 1 1 

Social change necessary 4 5 

Sustainability frontrunner 3 5 

Trias 6 6 

Technological substitution (EVs as ICEVs) 0 0 

Consumers want EVs to be ICEVs 4 6 

EV policy makes EVs conform to automobility 1 1 

EVs are not disruptive (implicit) 7 12 

EVs make as many kilometers as ICEVs 2 2 

EVs should conform to ICEVs 5 10 

Financial stimulation necessary 7 11 

Innovative mobility concepts are minor 1 3 

Most EVs are a lot like ICEVs 1 1 

Range will conform to ICEVs 5 8 

Stable number of vehicles 5 6 

Wider effects of EVs 3 3 

Car-sharing (electric) 15 22 

Changes in charging infrastructure geography 2 5 

Changes in infrastructure 1 1 

Changes in production 2 2 

EVs are disruptive 1 2 

EVs develop together with other sectors 12 25 

Fitting vehicles into the electricity system 3 5 

EVs have benefits for users 2 6 

EVs have social implications 2 3 

EVs make users rethink their mobility behavior, energy use 

and sustainability 

1 2 

EVs require less maintenance 1 1 

Innovative mobility concepts 2 5 

Socio-technical transition 7 9 

Behavioral change 7 17 

EVs are cheaper and will be used more 3 8 

More expensive, so less car ownership 1 4 
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Changing values and norms 1 1 

Social and behavioral innovation 5 9 

System transition 10 18 

Tax transition 2 5 

Uncertainty in transitions 11 25 

V2G 8 16 

 


